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PREFACE 



In an information-rich society such as 
ourSt statistics are an increasing^ impor- 
tant aspect of daily life. We are constantly 
bombarded with information about every- 
thing around us. Tliis wealth of data can 
become confusing, or it can help us make 
choices about our actions. 

Educators and mathematicians now stress 
the Importance of incorporating data anal- 
ysis and statistics into the elementary 
mathematics curriculum to prepare stu- 
dents for living and working in a world 
filled with information based on data. The 
Curriculum and Evaluation Standards for 
School Mathematics, published by the 
National Council of Teachers of 
Mathematics in 1989. highlights statistics 
as one of the key content strands for all 
grade levels. 

Many teachers see the need to support 
students in becoming better problem 
solvers in mathematics. However, it is dif- 
ficult to find problems that give students 
the kind of experiences they need, are man- 
ageable in the classroom, and lead to the 
learning of essential mathematics. The 



area of data analysis— collecting, organiz- 
ing, graphing, and interpreting data— pro- 
vides a feasible, engaging context in which 
elementaxy grade students can do real 
mathematics. Students ofall ages are 
interested in real data about themselves 
and the world around them. 

Teaching statistics: Pedagogical issues 

We introduce students to good literature in 
their early years. We do not reserve great 
literature until they are older— on the con- 
trary, we encourage them to read it or we 
read it to them. Similarly, we can give 
young students experience with real math- 
ematical processes rather than save the 
good mathematics for later. 

Through collecting and analyzing real data, 
students encounter the uncertainty and 
Intrigue of real mathematics. Mathemati- 
cians do not sit at desks doing isolated 
problems. Instead, they discuss, debate, 
and argue — building theories and collecting 
data to support them, working coopera- 
tively (and sometimes competitively) to 
reflne and develop such theories further. 



Mathematicians and scientists use infor- 
mation or data like snapshots to look at, 
describe, and better understand the world. 
They cope with the real-world ^messlness** 
of the data they encounter, which often do 
not lead to a single, clear answer. 

Because statistics is an application of real 
mathematics skills, it provides the oppor- 
tunity to model real mathematical behav- 
iors. As students engage in the study of 
statistics, they, like scientists and statisti- 
cians, participate in: 



T 


cooperative learning 


T 


theory building 


▼ 


discussing and defining terms and 




procedures 


T 


working with messy data 


T 


dealing with uncertainty 



We want elementary school students to 
have the opportunity to engage in such real 
mathematical behavior, discussing, 
describing, challenging each other, and 
building theories about real-world phe- 
nomena based on their work. 
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Data analysis in the mathematics 
cunlajium 



Exploring data Involves students directly 
In many aspects of mathematics. Data are 
collected through counting and measuring: 
they are sorted and classified; they are 
represented through graphs, pictures, 
tables, and charts. In summarizing and 
comparing data, students calculate, esti- 
mate, and choose appropriate units. In the 
primary grades, work with data is closely 
tied to the number relationships and mea- 
suring processes that students are learning. 
In the upper elementaiy grades, students 
encounter some of the approaches used in 
statistics for describing data and making 
Inferences. Hiroughout the data analysis 
process, students make decisions about how 
to count and measure, what degree of accu- 
racy Is appropriate, and how much Infor- 
mation Is enough; they continually make 
connections between the numbers and what 
those numbers represent. 

Instead of doing mathematics as an 
Isolated set of skills unrelated to the world 
of reality, students can understand statis- 
tics as the vibrant study of the world In 
which they live, where numbers can tell 
them many different stories about aspects 
of their own lives. The computation they 
do is for a purpose, and the analysis they do 
helps them to understand how mathemat- 
ics can function as a significant tool in 
describing, comparing, predicting, and 
making decisions. ■ 
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TEACHING DATA ANALYSIS 



The naturB of data analysis 

In data analysis, students use numbers to 
describe, compare, predict, and make deci- 
sions. When they analyze data, they search 
for patterns and attempt to understand 
what those patterns tell them about the 
phenomena the data represent. 

A data analysis investigation generally 
includes recognizable phases: 

^ considering the problem 

^ collecting and recording data 

^ representing the data 

^ describing and interpreting the data 

5|r developing hypotheses and theories 
based on the data 

These phases often occur In a cycle: the 
development of a theory based on the data 
often leads to a new question, which may 
beftin the data analysis cycle aU over again. 

Elementary students can collect, represent, 
and interpret real data. Although their 
work differs in many ways from that of 
adult statisticians, their processes are very 



similar. Elementaiy school students can 
both anafyzc data and use those data to 
describe and make decisions about real 
situations. 

Because real data are the basis for investi- 
gations in data analysis. Jiere are no prede- 
termined "answers." For example, if your 
class collects data on the ages of the stu- 
dents' siblings, the students understand 
that their Job is more than simply coming 
up with an answer that you knew all along. 
Not onty do you not know the answer in 
advance, but. without seeing the data, you 
may not even know what the most interest- 
ing questions are going to be! 

While this situation encourages students to 
do their own mathematical thinking, it can 
also feel risky for you. Many teachers wel- 
come a little uncertainty in their mathe- 
matics classes, when it prods their students 
to be more independent thinkers. To 
support you, the authors provide sample 
experiences from teachers who have used 
the activities described here so that you can 
be prepared for the kinds of Issues that are 
likely to arise. You will soon build your 
own repertoire of experiences with data 



analysis activities and will be able to anti- 
cipate likely questions, confusions, and 
opportunities. 

The importance of discussion 
in mathematics 

A central activity in data analysis is dia- 
logue and discussion. While it is easy for 
you and your students to become engaged 
and enthusiastic In collecting data and 
making graphs, a significant amount of 
time should also be devoted to reflection 
about the meaning of the data. 

Since students are not used to talking much 
Guring their mathematics work, it is im- 
portant to support active decisionmaking 
iby the students from the very begirmlng of 
the investigation. Students' participation 
in framing the initial question, choosirig 
the methods of investigation, and deciding 
on ways to organize their data is essential. 
Once the data are collected and organized, 
the students must grapple with Interpreting 
the results. If you have the outcome of a 
discussion or the "teaching points" you 
want to make too clearly in mind, you may 
guide students' observations too quickly 
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Into predetemilned channels. When stu- 
dent ideas are ignored, misinterpreted, or 
rejected, they soon understand that their 
Job is to second-guess the "answer" you had 
in mind. 

On the other hand, if students find that 
anything they say is accepted in the same 
way, if every contribution is "a good idea" 
and no idea is ever challenged, they can lose 
motivation to participate. Ask students to 
reflect on, clarify, and extend their ideas 
and to listen to and ask questions of each 
other. Discussions in mathematics should 
encourage students to interpret numbers, 
make conjectures, develop theories, con- 
sider opposing views, and support their 
ideas with reasons. 

Sensitive issues in data anatysis 

students of all ages are interested in data 
about themselves and the issues they care 
about. Topics that matter enough to stu- 
dents to make them compelling topics for 
study often have very personal aspects. In- 
vestigations about families, heights, or 
students' chores, for example, can all bring 
up sensitive issues. After trying many 
topics in many classrooms, we have con- 
cluded that the potential sensitivity of a 
topic is not a reason to avoid it; on the 
contrary, these are the very topics that 
most engage student interest. All teachers 
deal with difficult or sensitive issues in 
their classroom, and the skills demanded 
of a teacher in handling issues that arise 
during data analysis activities are no 
diflferent. Keep in mind that students may 
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sometimes want their data to be anony- 
mous. Focusing on the patterns and shape 
of the class data, rather than on individual 
pieces of data. Is particularly helpful, espe- 
cially for upper elementary students. 

Sntaii-groupwork 

Many of the investigations involve 
students working In teams. At first, keep 
small-group sessions short and focused. 
For students not used to working in small 
groups, assign specific tasks that encourage 
the participation of all the group members. 
For example, instead oi, "Have a discussion 
in your group to decido what you want to 
ask the second graders about their bed- 
times," you might say, "Come up with three 
possible questions you could ask the second 
graders." 

Materiais 

students need materials to represent their 
data during their investigations. These 
range from Uniflx cubes to pencil and paper 
to computer software. What is most impor- 
tant is that students are able to construct 
multiple views of the data quickly and 
easily and that they do not become bogged 
down in drawing and coloring elaborate 
graphs (which are appropriate only at the 
very end of an investigation when students 
are ready to "publish" their findings). 

Any material that can be moved easily and 
rearranged quickly offers possibilities for 
looking at data. For e^mple. students 
might write or draw their data on index 



cards (or any paper rectangles); then these 
can be arranged and rearranged. Un0c 
cubfis (or other intercormecting cubes) are 
another good material for making repre- 
sentations throughout the grades. We have 
found that stick-on notes (such as Post-it 
notes), with each note representing one 
piece of data, are an excellent material for 
making rough drafts of graphs. They can be 
moved around easily and adhere to tables, 
desks, paper, or the chalkboard. Pencil and 
unltned paper should always be available 
for tallies, line plots, and other quick 
sketch graphs. 

Caicuiators 

Calculators should be available, if possible, 
throughout the activities. Their use is 
specifically suggested in some of the inves- 
tigations. It is no secret to students that 
calculators are readily available in the 
world and that adults use them often. But 
many students do not know how to use a 
calculator accurately, do not check their 
results for reasonableness, and do not 
make sensible choices about when to use a 
calculator. Only through using calculators 
with appropriate guidance in the context of 
real problems can they gain these skills. 

Computers 

Computers are a key tool in data analysis 
In the world outside of school. Graphing 
software, for example, enables scientists 
and statisticians to display large sets of 
data quickly and to construct multiple 
views of the data easily. Some soltware for 



the elementary grades allows this 
flexibility as well. A flnished graph made 
by the computer may, for some students, be 
an appropriate Illustration for a final 
report of their findings. Cut keep in mind 
that students also make interesting and 
creative graphs by hand that would not be 
possible with the software available to 
them. Other computer software, including 
software for sorting and classifying and 
data base software, is particularly useful 
for some data analysis investigations. 
Where the use of a software tool would 
particularly enhance a data analysis 
Investigation, recommendations for 
incorporating its use are made ^ii the text 
and noted at the beginning of the session. 

Home-school connections ^ 

Many opportunities arise In data analysis 
Investigations for communicating with 
parents about the work going on In the 
classroom and for Including them as par- 
ticipants In your data investigations. When 
you begin this unit, you may want to send a 
note home to parents explaining that 
students will be studying data analysis In 
their mathematics class and that, from 
time to time, parents can be of assistance in 
helping students collect data from home. 
Parents or other family members often 
provide an available comparison group. 
Studies of age, family size, height, and so 
forth can be extended to include parents. If 
students are studying their own families, 
they may be interested in collecting 
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comparison data about their parents' 
families. Including parents and other sig- 
nificant family members as participants In 
your data analysis Investigations can 
stimulate their interest and enthusiasm for 
the work students are doing In school and, 
at the sanr»,e time, help students see that the 
mathematics they do in school Is connected 
to their life outside of school. 

Interdisciplinary connections 

Many teachers find ways to connect the 
data analysis experiences students have In 
mathematics to other areas of the curricu- 
lum. Data analysis Is, after all, a tool for 
Investigating phenomena of all kinds. The 
same approaches that students use in this 
unit can be called on for an investigation in 
science or social studies. Making these 
connections explicit and helping students 
transfer what they have learned here to new 
areas will give them an appreciation of the 
usefulness of mathematics throughout the 
curriculum. ■ 
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SORTING: GROUPS AND GRAPHS 
UNIT OVERVIEW 



Sorttng: Groups and Graphs is a unit of study 
that introduces sorting and classification as 
a way of organizing data. Suitable for 
students in grades 2 and 3, it provides a 
foundation for further work in statistics and 
data analysis, including the three upper- 
grade units in the Used Numbers series. In 
Sorting: Groups and Graphs, students: 

investigate similarities and differences 
in sets of related objects, people, or data 

classify these groups according to 
particular attributes and sort the 
members of the group accordingly 

collect real data through observation, 
experiments, and surveys 

y^ construct their ovm categories for 
sorting these data 

y^ represent these data in a variety of ways 



yf use their categories to describe and 
compare data &ets 

y^ formulate hypotheses and build theories 
about the reality represented by the 
data 

How to use this unit 

Like all the Used Numbers units. Sorting: 
Groups and Graphs is organized into investi- 
gations that may extend from one to five 
class sessions. To cover the entire unit re- 
quires approximately 18 class sessions of 
about 45 minutes each. Additional optional 
sessions and extensions are provided as well. 
Teachers who have used this unit have found 
that a schedule of 2-3 sessions per week 
works best to maintain continuity while 
allowing enough time for reflection and 
consolidation between sessions. The activi- 
ties are sequenced so that students move 
gradualfy from more straightforward to more 



complex investigations. The investigations 
are grouped into three parts: 

y^ Part 1: Introduction to sorting 

Sorting people: Who Jits my rule? 
Yekttis: What has a square head, one 
antenna, and doughnut eyes? 

Y PArt 2: Sorting and classifying data 

Thing collections": What goes with 
what? 

Y Put 3: Projects In data analysis 

Animals in the neighborhood 
Investigating scary things 

The three parts work well as a single five- to 
six-week unit. Some teachers have substi- 
tuted this unit for their textbook chapters on 
graphs or data. Others have used it late in 
the year as a way to consolidate students' 
mathematical learning, knov/ing that it 
brings together work in counting, sorting, 
estimation, computation, graphing, and data 
collection in a problem-solving context. The 



ERIC 



Unit Overview 7 

19 



parts can also be spaced over the entire 
school year. For example, some teachers use 
Part 1 In September to start off thalr woik In 
mathematics. They return to Part 2 in Jan- 
uary and use Part 3 in May when students 
have been together for most of the school 
year and are more able to work indepen- 
dently. Within each part, it Is important that 
2-3 sessions take place each week so that 
the experiences build on each other, allowing 
students gradually to acquire skills and un- 
derstanding tn data analysis. 

Planning the investigations 

In this book you will find four types of in- 
formation for each investigation: 

Investigation oyerview. This section in- 
cludes (1) a summary of the student activity, 
(2) materials you will need for the investiga- 
tion and any special arrangements you may 
need to make, and (3) a list of the important 
mathematical Ideas you will be emphasizing. 
Plan to look carefully at this overview a day 
or two before launching the investigation. 

Session activities. For each session, you 
will find step-by-step suggestions that out- 
line the students' explorations and the 
teacher's role. Although suggestions for 
questions and instructions are given, you 
will of course modify what you say to reflect 
your own style and the needs of your stu- 
dents. In all cases, the teacher's words are 
intended to be guidelines, not word-for-word 
scripts. Plan to read through this section 



before each session to get the general flow of 
the activities in your mind. 

Dialogue Boxes. The Dialogue Boxes illus- 
trate the special role of discussion in these 
Investigations and convey the nature of typi- 
cal student-teacher interactions. Examples 
are drawn from the actual experiences of 
classes that have used these investigations. 
They call attention to issues that are likely to 
arise, typical student confusions and difll- 
culUes, and ways in which you can guide 
and support students in their mathematical 
thinking. Plan to read the relevant Dialogue 
Boxes before each session to help prepare for 
interactions with your students. 

Teacher Notes. These sections provide im- 
portant Information you will need in present- 
ing this unit. Here you will And explanations 
of key aspects of collecting, sorting, and 
analyzing data. Including ways to graph data 
and how and when to Introduce basic math- 
em.atlcal ideas. The Teacher Notes are listed 
in the contents because many are useful as 
references throughout the unit, not Just 
where they flrst appear. You might plan to 
read them all for background Information 
before starting the unit, then review them as 
needed when they come up in particular 
Investigations. 

Goals for Students 

The "Important mathematical Ideas" listed In 
the Investigation overvlev/s highlight the 
particular student goals for those sessions. 



Once goals are introduced in one part of the 
unit, tbey continue to be developed through 
experiences later in the unit. The major goals 
Introduced in each part of Sorting: Gwups 
and Graphs, are as follows: 

Part 1: Introduction to sorting 

Examining carefully the differencet and 
■imilaritiet in a group of related objects 
or related data. Observing or considering 
the things to be sorted provides an initial 
sense of what categories might prove inter- 
esting. As the unit progresses and students 
gain more experience, they will notice more 
subtle and varied attributes of the groups 
they examine. 

Making decisions about how to categorize 

data. Most categorical data can be grouped 
or classified in many different ways. Making 
decisions about what categories are impor- 
tant is a key idea in analyzing categorical 
data. As students collect their own data, they 
make decisions about what categories to use 
and which data belong in which categories. 

Using negative information to clarify the 
definition Of a category. In order for a cate- 
gory to be meaningful, it must include some 
things and exclude others. Understanding 
what does not fit in a category is a key to 
understanding what does flt. 

Making sketches of the data. Graphs, 
pictures, tables, sketches, and tallies are 
working tools that are used to organize data. 
Students should be developing a repertoire of 
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simple ways to display data quickly and 
clearly. They may use ways modeled by the 
teacher and also invent their own represen- 
tations. In this unit, they are Introduced to a 
concrete representation (interconnecting 
cubes) for recording data as well as to simple 
tables* graphs, tallies* and Venn diagrams. 

Part 2: Sorting and classifying data 

Thinking flexibly about the characteris* 
tics of the data. Most collections of objects 
or data from the real world are complex sets 
with many characteristics. As students sort 
objects or data themselves or try to figure 
out how others have sorted them, they must 
think about the characteristics of these ob- 
/'^cts or data In many different ways, shifting 
their points of view in order to see relation- 
ships that may not be immediately obvious. 

Articulating logical reasoning. /%s students 
gain further experience with developing and 
defining categories, they can begin to explain 
how they came to a decision, give reasons for 
their ideas, explicate their definitions, and 
substantiate their conjectures. Students 
grapple with the challenges of being precise, 
clear, and accurate in describing similarities 
and differences In categorical data. 

Constructing categories to describe the 
data. Students construct their own cate- 
gories to describe data they have collected. 
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Deciding on categories ahead of time may 
obscure what is really interesting about the 
data; only through looking carefully at the 
data and their characteristics and sorting 
them in different ways can students begin to 
discover what the data may reveal. 

Inventing representations of data. Stu- 
dents are encouraged to use a wide variety of 
invented pictures, sketches, tables, and 
graphs to portray their findings. They have 
the opportunity tc see each other represent 
the same data in different ways. 
In this way students gain new ideas about 
picturing data and begin to leam how differ- 
ent representations can communicate 
different information about the data. 

Building theories about the data. Collect- 
ing, representing, and considering data lead 
to developing descriptions and theories about 
aspects of the real world. Even young chil- 
dren can use their data as a basis for conjec- 
turing, describing, generalizing, and 
wondering. 



Comparing two data «et8. Throughout this 
unit, students have been looking carefully at 
similarities and differences. In this part of 
the unit, this process is expanded as stu- 
dents compare one whole set of data to 
another set of data and tiy to interpret what 
they notice. 

Experiencing all the phases of a data 
annuls Investigation. Students have time 
to collect, think about, categorize, display, 
compare, and interpret data during a more 
sustained investigation. Parallel to the 
phases of the writing process, a data analysis 
investigation includes **brainstonning-— 
discussion of the problem and collection of 
preliminary data; -rough draft" representa- 
tions to organize preliminary results; 
anafyses leading to leflnement of ideas; and 
final ••pubUcation" through reports of results. 
The final project in this unit gives students 
a chance to experience all phases of this 
process. ■ 



Part 3: Projects in data analysis 

Collecting and recording survey data. For 

the first time, students collect and record 
data from outside of the classroom. They will 
need to think about how to ask their 
questions and how to record people^s 
answers accurately. 
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SORTING PEOPLE: WHO FITS MY RULE? 



INVESTIGATION OVERVIEW 




What happens 

In this Investigation, students obsenre, 
classify, count, and record data about them- 
selves. In Sessions 1 and 2, they learn to 
play ""Guess My Rule,** a classification game 
in which students try to figure out, by care- 
ful observation and questioning, what a 
group of things has in common. They will 
encounter this game in different contexts 
throughout the unit. At first, you establish 
the secret categories; later, small groups of 
students choose the categories for the game. 
As part of this game, data are counted and 
recorded. In Session 3, students collect and 
represent data about themselves, using 
interconnecting cubes to show the results. 
These whole-class surveys prepare students 
for working in small groups in Session 4 to 
decide on a survey question, take a survey of 
their classmates, then organize and repre- 
sent the data they collect. 



The activities take four class sessions of 
about 30-45 minutes. Sessions 1 and 2 can 
be done as one long (60-80 minutes) or t\ '0 
shorter (30^0 minutes) sessions, depending 
on how long it takes for students to guess 
the small groups* rules. 

What to plan ahead of time 

^ Make sure there is a space in the 
classroom where a group of students 
can stand and be visible to the rest of 
the class (Sessions 1 and 2). 

^ Save the data you record about the class 
in Sessions 1 and 2 for use in Session 3. 

Provide intercormecting cubes, such as 
Unlfix cubes. For Session 3, you will 
need the same number of cubes as 
students in your class; for Session 4, 
you will need about 200 cubes for a 
class of 25. 



Provide copies of the class list for 
students to use In taking their surveys 
(Session 3). 

Provide materials for making sketches of 
the data. Including plain paper, lined or 
squared paper, and markers or crayons 
(Session 4). 



Important mathematical ideas 

Thinking flexibly about the characteris- 
tics of the data. Given a set of related 
things, such as neighborhood animals, we 
might notice any of several characteristics of 
the individuals in the set. The attribute game 
•Guess My Rule** is used throughout the unit 
to help students observe different character- 
istics, sort collections in different ways, and 
describe similarities and diflerences. 
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Ualng negative Information to clarify the 
definition of a category. In order for a cate- 
gory to be meaningful, it must include some 
things and exclude others. Understanding 
what does not fit in a category is a key to 
understanding what does fit. 

BOaklng decisions about how to categorize 

data* Most categorical data can be grouped 
or classified In many different ways. Making 
decisions about what categories are impor- 
tant is part of analyzing categorical data. As 
students collect their own data, they make 
decisions about what categories to use as well 
as which data belong in wh^ch categories. 

BSaklng sketches of the data. Graphs, 
pictures, tables, sketches, and tallies are 
working tools that we can use to organize 
data. Students should be developing a reper- 
toire of simple ways to display data quickly 
and clearly as discussed in the Teacher 
Note, Sketching data. They may use methods 
modeled by the teacher and also invent their 
own representations. In this investigation, 
they use a concrete representation 
(Interconnecting cubes) for recording data as 
well as simple -ketches, graphs, and tallies. 

Using more than one representation to 
view data. Different types ol graphs or 
pictures can reveal different aspects of the 
same data. While working in small groups, 
students have the opportunity to see the 
same data graphed In different ways, by 
different people^ giving them the chance to 
compare dilTerent views of the data. ■ 



SESSION 1 AND 2 ACTIVITIES 

Introducing the uni! 

Using your own words, tell the students 
briefly that, as part of their mathematics 
work, they will be doing research about 
collections of things and trying to figure out 
which things "go together. They will be 
thinking about themselves, abo Jt a strange 
group of alien creatures, about collections of 
miscellaneous small objects, about neigh- 
borhood animals, and about scary things. 
Sometimes they will be making graphs or 
lists or charts to show what they have 
decided about which things can be grouped 
together. 

When scientist* and mathematicians study the 
world, they often try to understand how things 
are the same and different. Sometimes things 
''go together"* one way, but if you start think- 
ing about them differently, they can ''go 
together** In an entirely new way* For example, 
some people might say that all second graders 
*'go together** because they are all In the 
second grad«: but some people might say that 
certain second graders ''go with** certain first 
and third and fourth graders because they all 
play baseball, or they all like the same kind of 
books, or they all walk to school* 

If you can, use some specific examples from 
your own classroom or school of how 
students "go together** In different ways, 
depending on what characteristics you pay 
attention to. 



For more information about classification 
and student thinking, see the Teacher Note. 
Class^atioiv A critical process in 
mathematics and science (page 17), 

Playing "Guess My Rule'' 

Becatise there are so many different ways 
things can go together, you are going to have 
to be very careful observers and pay attention 
to a lot of different characteristics of things* 
You'll be trying to figure out how things go 
together when we play a game called ''Guess 
My Rule**" Today we're going to play the game 
using people In this class* 

Unless your students have a lot of experience 
with classification activities, it's a good idea 
to start with a straightforward, visually 
obvious rule, such as BROWN HAIR, WEARING 
RED, or WEARING A SWEATER, Choose two 
students who fit your rule and have them 
stand up in a designated area where other 
students can see them. For more informa- 
tion, see the Teacher Note, Playing ""Guess 
My Rule" [page 18), 

I have a Mystery Rule In mind that tells some- 
thing about people In this class* It's something 
you can see. ^ome people fit my rule and some 
people don't. Ka^^e and Sam both fit my rule* 
Katie and Sam, please go stand by the chalk- 
board where everyone can see you. Who thinks 
they know someone else who should stand 
with Katie and Sam? Don't tell me what you 
think my rule Isl Right now, I Just want you to 
tell me who else you think might go in the 



1 4 Sorting: Groups and Graphs 

i 27 



28 



group with Katie and Sam. 

Students take turns saying who they think 
might fit the rule. If the person does fit, ask 
him or her to stand with those who fit the 
rule. If the person named does not fit the 
rule, send him or her to stand in another 
area designated for those who don't fit. 
(Altematively, those who don't fit can stand 
at their seats.) 

Stress the importance of all the clues — both 
those who fit the rule and those who don't. 
Prolong the clue-gathering until many 
students have had a chance to contribute 
guesses about which students do (or don't) 
fit. See the Dialogue Box, ""Guess My Rule" 
with people, page 16, for an example of how 
clues are gathered as the game progresses* 

When enough evidence has been gathered 
and you sense that most students have a 
good idea about the rule, allow students to 
say what they think the rule is. Ask them 
about the reasons for their conjectures. Of 
course, it's possible that students will come 
up with categories that do fit the evidence, 
but are not what you had in mind. If this 
happens, acknowledge the student's good 
reasoning, even though it did not lead to 
your secret rule. 

Continue the game with one or two more 
secret rules of your choosing until everyone 
has a good feel for the game. Students are 
often very eager to contribute, and their 
enthusiasm may lead to lots of noise and 
movement. As long as the focus remains on 
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the game, a little extra noise can be part of a 
productive activity. 

Colhcting and recording data: Small 
groups choose a rule 

Divide the class into groups of three. Each 
group decides on and writes down a Mysteiy 
Rule describing some students in the class. 
Have eac'i group show you their rule secretly 
and make sure their category is one that can 
be readily seen arJ understood by *he other 
students. (See the Teacher Note, Playing 
""Guess My Rule, " page 18, for guidelines to 
help students choose their rulesj 

Reconvene the entire class and let each 
group challenge the others to ""guess my 
rule." Use the conventions you established 
earlier about where to stand if you do or 
don't fit the rule. Support each group in 
giving consistent feedback as the other 
students choose individuals who ixiight fit 
the rule. As before, delay conjectures about 
what the rule is until many students have 
had a chance to suggest who they think fits. 

After each rule is guessed, record the 
number of students who do and do not fit 
tb'^ rule on the chalkboard or large paper. 
For example: 

Wearing a waich: 9 
Not wearing a watch: 14 

Buttons ✓✓✓✓✓✓✓✓✓✓✓✓ 
No buttons ✓✓✓✓✓✓✓✓✓✓✓ 



Record the data In a different way for each 
rule. In order to model a varivc/ of ways of 
keeping track of data. You can use pictures, 
numbers, tallies, checkmarks, and so forth. 
See the Teacher Note, Sketching data (page 
24), for further suggestions. Also ask the 
students for their ideas about how to record 
the data. 

Who can think of a way w« can show how many 
students hav« brown hair— on« that*s different 
from the ways we have used so fat? 

Encourage variety and innovation. 

It is hard to predict how long it will take for 
the class to guess each rule. Typically, some 
rules are guessed quickly (within 2-3 
minutes) while others take longer. 

Save the data from the small-group rules for 
the next session. 

Extensions 

students usually enjoy this activity so much 
that you can continue to play It throughout 
the unit. One or two rounds of **Guess My 
Rule** with people will fit in nicely at odd 
times— before lunch, at the end of the day, or 
whenever you have a free 10 minutes. 

Use the data collected from the small-group 
rules for investigating addition and subtrac- 
tion strategies. For example, pose questions 
such as this: 

If there are 23 students here today, and 9 
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are wearing watches, how could we And out 
how many students are riot wearing watches 
without counting them? Such discussions 
can emphasize thinking of many diEferent 
strategies for solving the problem, not Just 
coming up with the right answer. ■ 
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''Guess My Rule'' with people 

In the following dialogue, the teacher's 
Mystery Rule is WEARING GREEN* 

Katie and Sam both fit the rule I'm thinking 
of, Let's have people who fit my nile stand up 
here, [Katie and Sam stand up in front oJV\e 
chalkboard.] Who thinks they know someone 
else who might fit in this group? Don't tell me 
the rule, if you think you know it; Just tell me 
another person you think might fit. 

JANE: Do I fit? 

Yes, you do fit my rule. [Jane Joins Katie and 
Sant It happens that all three children selected so 
Jar have blond hair. This characteristic is visually 
striking when they all stand together.! 

SERENA [who also has blond hairj: I think I 
fit. 

No, you wOn't fit the Mystery Rule, but 1 bet I 
know what you might have been thinking 
about. Stand over by my desk to start the 
""people who don't fit the rule*" group. Serena is 
an important clue, 

EDDIE: I know what the rule is! It's . . . 

Don't tell the rule yet. If you think you know, 
tell me someone else who fits. 

EDDIE: Um . . . [Looks around, can't Jind 
anyone.] 

What about yourself? 

EDDIE: I don't think I fit. 



OK. Go stand with Serena so people have more 
clues for who doesn't fit. 

[Later] . . . 

LENA: Does Christina fit? [Christina is wear- 
ing a green shirt and pants.) 

Yes, she does fit— that's another important 
clue.- 

GLENN: I know! I know! 

OTHERS: Me, too! I know the rule! 

OK, let's see if anyone else fits the rule. Then 
you can say what you think it is. 



^'^^In this conversation, the teacher keeps 
the focus on looking carefully at all the 
evidence, rather than on getting the right 
answer quickly. She uses Serena's sensible 
guess to point out the value of negative 
information: Even though Serena does not lit 
the rule, she provides an important clue in 
narrowing down the possibilities. By prolong- 
ing the discussion and gathering more clues, 
the teacher gives more students the time to 
think and come to their own conclusions, ■ 



32 



'1 



^TEACHER NOTE 

Classification: A critical 
process In mathematics 
and science 



This unit. Sorting: Groups and Graphs, 
focuses on collecting, organizing, and Inter- 
preting data that can be placed In categories. 
In the primary grades, much of the aata that 
Interests children is categorical data, data 
that is based on counting the members of 
certain related categories. For example, 
students might do a survey of the modes of 
transportation they use to get to school (how 
many walk, how many take the bus. how 
many ride a bicycle), or undertake a study of 
the weather throughout the year (how many 
days are cloudy, how many are sunny, how 
many are rainy, and so forth). Students sort 
the data they collect into categories and 
make comparisons by counting. 

This unit of study blends work in classifica- 
tion and work in data analysis. Classification 
is a critical tool in collecting, organizing, and 
interpreting data. Classifying data involves 
complex thinking. This unit develops two 
particularly important thinking habits. 

First, classification involves students in think- 
ing Jlexibly about the characteristics of the 
data. Given a set of related things, such as 
neighborhood animals, we could focus on 
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many different characteristics. Classificaiion 
of animals is a real-world problem for scien- 
tists; What makes a bird a bird? Is a whale 
more closely related to a cow than to a trout? 
Which characteristics will reveal whether a 
raccoon is related to an opossum? Recent 
studies showing that some birds may be 
descended from dinosaurs show how 
startling the results of careful classification 
can be. In order to do classification » students 
need to be flexible, paying attention to all the 
attributes of the thing they are studying. 
Students in the second and third grades are 
beginning to develop this flexibility, as their 
focus widens from single attributes to the 
relationships among more than one 
attribute. The attribute game "Guess My 
Rule" encourages this flexibility by leading 
students to observe different characteristics, 
sort collections in different ways, and 
describe similarities and differences in a 
group of things. 

Second, classification involves students in 
making decisions about how to categorize 
data in different ways in order to help them 
interpret what the data show about the 
world. Most categorical data can be grouped 
or classified in many different ways. 
Consider the following example: 

Suppose that, as principal of the elementary 
school, you were interested In safety issues 
related to how students get to school in the 
morning. You might collect data on their 
modes of transportation and sort It like this: 



t= 10 students 

Walk f tttttf ft ttttttttttf 
Bus ttttttf f f f f ft ttt 

Bicycid ft ft 

Oar ttttttttt 

This classification shows the mode of trans- 
portation used by each student. However, 
after looking at the data this way, you might 
decide that what you really need to know is 
how many students have to cross the dan- 
gerous intersection in front of the school. 
You could then resort the data this way: 

Walk tttttttttttttttttttt 

Ride tttttttf tttttttttttt 
tttttt 

Then you might realize that the students 
who bicycle also have to cross the Intersec- 
tion by themselves. So you reclassify the 
data again, like this: 

Atone (walk, bike) tffttttttftft 
tttttttf Iff 

With adult (bus. car) ttttttttttttt 

ttttttttt 

Each of these classifications gives different 
information about the transportation used by 
students. Depending on how you classify, 
you can get some information from the 
graph, but other information is hidden. 

As students work with data they have 
collected, they will make their own decisions 
about what categories to use and which data 
belong in which categories. Defining and 
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redefining categories, as students will do in 
the last half of the unit, Is a critical part of 
data analysis. Sorting in various ways can 
reveal new aspects of the data. Each time we 
view the data somewhat differently, we can 
gain new information about the world. ■ 



^TEACHER NOTE 

Playing "Guess My Rule" 

"Guess My Rule" is a classification guessing 
game in which players try to figure out the 
common characteristic, or attribute, of a set 
of objects. If you have attribute blocks or 
logic blocks in your classroom, you may be 
familiar with this game. (For information 
about commercially available attribute 
materials, see the Teacher Note, Using the 
Yektti seU page 29.) 

"Guess My Rule" is played throughout this 
unit in different contexts, but the students 
first play it in a context veiy familiar to them: 
themselves. To play the game, the rule- 
maker (who may be you, a student, or a 
group of students) decides on a secret 
Mystery Rule for classifying a particular 
group of things. For example, classification 
rules for people might be everyone who is 
WEARING ORANGE, or everyone who has 
BROWN HAIR. 

The rule-maker starts the game by giving 
some examples of people who fit the rule — for 
example, by having two students who are 
wearing orange stand up. The guessers then 
try to find other individuals who might fit the 
rule: "Can Sandy fit your rule?" 

With each guess, the individual named is 
added either to the group that does fit or to 
the group that does not fit the rule. Both 
groups must be clearly visible to the guessers 



so they can make use of all the evidence — 
both what does and does not fit— as they try 
to figure out what the rule might be. 

Two guidelines are particularly important to 
stress during play: 

"Wrong" guesses are clues that en's Just as 
important as "rtgfht" guesses. "No, Glenn 
doesn't fit, but that's important evidence. 
Think about how Glerm is different from 
Elisabeth, Maya, and Eddie." Here is a&won- 
derful opportunity to help students learn 
that errors are not Just mistakes but can be 
important sources of information. 

When you think you know what the rule is, 
test your theory by giving anoOver example, 
not by revealing the rule. "Jane, you look like 
you're sure you know what the rule is. We 
don't want to give it away yet. so let's test out 
your theory. Tell me someone who you think 
does fit the rule." Requiring students to add 
new evidence, rather than making a guess, 
serves two purposes. It allows students to 
test their theories without revealing their 
guess to other students. And. it provides 
more information and more time to think for 
students who do not yet have a theory of 
their own. 

When students begin choosing rules them- 
selves, they sometimes think of rules that 
are either too vague (students WEARING 
DIFFERENT COLORS) or too dlfllcult for other 
students to guess (students WITH A PIECE OF 
TOREAD HANGING FROM THEIR SHIRTS). You 
can guide and support students in choosing 
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rules that are "medium hard" — not so 
obvious that everyone will see them Immedi- 
ately, but not so hard that no one will be 
able to figure them out. Hie students should 
be clear about who would fit their rule and 
who would not fit; this eliminates rules like 
WEARING DiFFERENT COLORS which everyone 
will probably fit. It's also Important to pick a 
rule about something people can see. That is, 
one rule for classifying might be UKES 
BASEBALL, but no one will be able to figure 
out this rule by just looking. 

"Guess My Rule" can be very dramatic. Keep 
the mystery and drama high with remarks 
such as, "That was an Important clue," "Tills 
is very tricky," "I think maybe Sam has a 
good idea now," and "I bet I know what 
Marjorle's theory Is." 

It is surprising how hard it can be to guess 
what seems to be a very obvious rule (like 
WEARING GREEN). Teachers have found that 
it is often difficult to predict in advance 
which rules will be more difficult than 
others. Sometimes one that you think will be 
tough is guessed right away; at other times, 
a rule that seemed "obvious" will turn out to 
be impossible! Sometimes it will be necessary 
to give additional clues when students are 
stuck. For example, one teacher chose HAS 
BUTTONS as her Mystery Rule. After all the 
students had been placed in one of the two 
groups, still no one could guess the rule. So 
she moved down the line of children, drawing 
attention to each in turn: "Look carefully at 
David's front. . . . Now I'm going to turn 
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Maureen around to the back, like this^see 
what you can see. . . . You have to look really 
hard at Caroline— look along her arms." 
Finally, students guessed the rule. 

Since classification is a process used In 
many (disciplines, you can easily adapt the 
game to other subject areas. A language arts 
version of "Guess My Rule" with words is 
suggested as an extension in the Yektti 
investigation (page 34). Teachers have also 
used "Guess My Rule" in social studies and 
science as well as other aspects of mathe- 
matics. Animals, states, historical figures, 
geometric shapes, types of food, and count- 
less other items can all be classified in differ- 
ent ways. 

Being able to see how things go together 
improves, like many things, with experience. 
As you and your students play this game 
repeatedly in different contexts, you will find 
yourselves becoming more observant and 
more flexible in your thinking about similar- 
ities and differences. ■ 




SESSION 3 ACTIVITIES 

Collecting and recording data: Using 
interconnecting cubes 

Make sure students can see the data you 
collected in the previous sessions. Remind 
students that you looked at how students in 
the class are the same and different, how 
they can be grouped In different ways. 

Last time you thought about [who hu 
BROWN HAIR, WhO wa« WSARINO SIRIPBS, who 
HAD BUTTONS, who HAD ANYTHINO » niBDI HAIR, 

and . . . ]. Here la thn Information we collected 
about each group. Who remembers what we 
laund out about BROWN HAIR? . . . Who can 
teU me what thia aketch about BUTTONS 
shows? ... Do you think, if we made the 
same groups today, that any of these num- 
bers would be different? Would some be the 
same? 

Let students freely express their views. 
Follow up with questions that probe their 
reasoning. 

Does anyone agree or disagree with Carloa that 
[BROWN HAIR] wouldn't change? Is there 
anything that you are sure will be different? 
Why do you think that? 

Choose one of the categories about which 
there has been some discussion. 

Let's try [BROWN HAIR] again. Some of you 
think the results will be exactly the same. 
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We're going to use these cubes to see if that's 
true. Later you'll be using these cubes in your 
small groups to record Informatlont so I want 
you to see how to use them. E^iferyone who 
[has BROWN HAIR] come up and take one of 
these cubes. Then we'll put them together to 
see how many people [have BROWN HAK]. 

Choose one color of cubes to make the tower. 
Each student who fits the category attaches 
a cube of that color to make a tower of 
cubes. 

Describing the data: Are the resuits 
what we expected? 

Hold up the tower^and, with the students, 
count the cubes. Allow time for students to 
discuss the results. Are the results what they 
expected? Why or why not? See the Dialogue 
Box, Discussing class data (page 21). 

Ask students how they would make a tower 
to show students who do not fit the category 
[e.g., students who do not have BROWN 
HAIR), This is a good opportunity for 
students to discuss addition and subtraction 
strategies, as demonstrated in the Dialogue 
Box, Discussing class data (page 21). Make 
the second tower. This time, have each 
student in the **doesn*t fit** group come up 
and attach a cube to the tower, as the first 
group did. 

Repeat the activity with one or two of the 
other categories from the previous sessions. 



Considering the problem: Planning a 
class survey 

students now work in small groups to decide 
on a survey question, take a survey of their 
classmates, then organize and represent 
their data. At this age level, pairs or threes 
work best to ensure participation of all 
students. For students who are experienced 
in small-group work, groups of four are 
sometimes successful. 

Before students break up into their small 
groups, explain tliat they will be doing a 
survey of their classmates. This survey will 
focus on something that can be seen about 
everybody in the class. Remind them of some 
of the characteristics they explored in the 
previous session (e.g., color of clothes worn, 
eye color, type of shoes worn, hairstyle). In 
their small groups, their task will be to 

▼ decide on what characteristic they will 
investigate; 

▼ collect data, using a class li'^t, about 
everyone in the class; and 

▼ show what they found out in several 
different ways. 

Each group decides on their characteristic, 
writes it down, and shows it to you. If neces- 
sary, help students clarify the characteristic 
they are investigating. Some students may 
stick to a characteristic that can be divided 
into two groups (e.g., students WITH 



WATCHES, students WITHOUT WATCHES), 
while others may decide they want to Investi- 
gate a characteristic that has several cate- 
gories, such as eye color (e.g., BROWN, BLUE. 
GREEN, HAZEL). 

Collecting and recording the data: 
Taking the survey 

Hand out a copy of the class list to each 
group. Give help where needed, but encour- 
age groups to organize themselves and to 
make their own decisions throughout this 
activity. Who will do what In their group? 
How will they be sure they have collected 
data from every student? How will they make 
sure their data are accurate? 

Since the data-collecting part of this activity 
involves a lot of moving around, you may 
want to invoke the following rule (which is 
also fun): Students may talk only to those in 
their own small group. In order to collect 
their data, they must walk around and 
gather information by observation. If abso- 
lutely necessary, they can use sign language 
to "talk** to someone else (e.g., pointing to get 
someone to look up so you can see their eye 
color). 

It is appropriate to Introduce the word data 
as it arises naturally in this session or the 
next one. See the Teacher Note, What are 
data, anyway? (page 22), ■ 
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^99DIAL0GUE BOX 
Discussing class data 



What do other people think about what Sean la 
aaylng? 

JESS1C.\: We didn't count Billy yesterday, so 
today It should be 16. 

TONY: We counted wrong. 



We counted wrong? 

TONY: Yeah, we could have counted wrong 
today or yesterday. 

Maybe, although the counters were pretty 
careful yesterday, and they checked each 
other* la there any other explanation? 

LYNNE: Maybe we didn't count all the same 
people. 

Maybe we didn't count all the same people* 
That's an interesting idea. Is it possible we 
didn't count the same people? 

ROSA: Well, when we were deciding who to 
count, we couldn't decide if Maya had 
BROWN HAIR or BLACK HAIR. 

ALAN: And Mark said my hair was BROWN, 
but ifs BLOND. 

So Is Lynne right? Did we cotmt differently 
yesterday? 

ALAN: No, because I didn't get counted 
yesterday and neither did Maya, and we 
didn't count today either. 
Well, this is a mystery then . . • 

KATIE: But Dennis isn't here today. 

So what would that . . . 

AMY: I get it, it's like switched. Yesterday we 
counted Dennis and today we counted Billy. 

I*m not sure I quite get it. Who can explain 
what Amy Is saying? 

KATIE: Yeah, it works. Yesterday Dennis was 
here and he has BROWN HAIR and we got 15. 



So then today Dennis isn*t here, so it would 
be 14, but then we added Billy, so ifs 15 
again. 

GLENN: Ifs 15 both days, but ifs not the 
same kids. 

KIMARA: We really have 16 altogether if you 
take the 15 today and you add Dennis. 

OK, I*m going to add a cube to the tower for 
Dennis. Now there are 16 cubes in the BROWN 
HAIR tower. How many cubes do we need for a 
DON'T HAVE BROWN HAIR tower? 

VARIOUS STUDENTS: Six . . . no, 7. 

Is it 6 or 77 Who has a good strategy for 
showing how many of you are in the NOT 
BROWN HAIR group? 

PAUL [counting on his Jlngers]: 17, 18, 19, 20, 
21, 22, 23, thafs 7 more, 

OK. that works. Could I do that with the 
cubes? 

PAUL: Yeah, put a cube on for every kid up 
to 23. 

[The teacher asks each student who doesn't have 
brown hair to come up and add an orange cube to 
the tower. As they do so, the class counts together: 
17, 18, 19, 20, 21, 22, 23. Then she separates the 
7 orange cubes fixm the rest of the tower, and they 
count them in unison.] 

So, we can tell by Paul's method that we have 
7 people In the NOT BROWN HAIR group. Who 
has a different way we can tell that 7 people 
don't have BROWN HAIR? 

(Dialogue Box continued) 



In this class of 23, the 15 students with 
brown hair have each taken a brown Unifix 
cube out of the box and put them into a 
tower of 15 cubes. The students counted the 
number of cubes as the teacher pointed to 
each cube in the tower. 

So we have people with BROWN HAIR? Is 
that what you expected? 

[Yes and no are heard from various students.) 

But why? Lct*s hear from the people who said 
yes and the people who said no. 

ELISABETH: Well, it was 15 yesterday, and 
people don't have diflferent hair color eveiy 
day! 

So, you thought • . • ? 

ELISABETH: It would Still be 15» and it was. 

SEAN: 1 don't get it. 
What don't you get, Sean? 

SEAN: Well I thought it would come out the 
same, too, but then when you were saying 
about yesterday, remember Billy said he 
wasn't here, and Billy has BROWN HAIR. 
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JESSICA: We could count the people! 

OKt we could. Should we do that? [Many 
students say yes.] Everyone who doeen*t have 
BROWN HAIR, atand up, and ]et*a count. [Th^ 
counU and there ore 7 students standing.] We 
counted cubea and we counted people. 
Suppose we didn't count. We know there are 
16 brown*halred people in this tower. Any 
other way we could know there are 7 people 
who belong In the other tower? 

TONY: Well there's 23 in the class, so ifs 16. 
so 4 more would be to 20. and then 3 more 
to 23, that's? 

Nice atrategy. Who haa a different one? 
Kinum? 

KIMARA: OK, You know that 16 and 6 would 
be 22, cause that's like 6 and 6 is 12. so it 
has to be one more, so iVs 7. 

JANE: I have one. You can do it by twos— 18, 
20. 22, so thafs 2, 2, 2 is 6, but then you 
have to uo 1 more to get to 23, 



^'^^In this class, the teacher knows that 
some of the students still need to see the 
concrete one-to-one connection between a 
student and a cube, while others are able ♦o 
think about the relationship between the two 
groups in their heads. Many students at this 
age level need both; they are most comfort- 
able and convinced when they can actually 
count the students who don't have brown 
hair, but they are also beginning to play with 
number strategies. In order to cope with this 
diversity, the teacher follows the suggestion 



that they count the actual students but also 
encourages students to think of strategies for 
manipulating the numbers themselves. This 
teacher rarely asks for an answer In arith- 
metic without asking for as many strategies 
as the students can think of for ""proving** 
their answer, so the students are beginning 
to develop a repertoire of such strategies. At 
another time, she might spend more time 
drawing pictures illustrating students* 
strategies or having students explain their 
strategies to each other. ■ 
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^TEACHER NOTE 
What are data, anyway? 



Vm 48 Inches tall. 

This bottle holds 2 liters of soda pop. 

She is wearing sneakers. 

These shoes weigh 150 grams. 

Each of these statements contains descrip- 
tive information or data about some person 
or thing. Data is a plural noun; one datum is 
a single fact. Data are the facts, or the in- 
formation, that differentiate and describe 
people, objects, or other entities (e,g,, coun- 
tries). Data may be expressed as numbers 
(e,g,, he is 48 inches tall; she has 4 people in 
her family) or attributes (her favorite flavor is 
chocolate; his hair is curly). 

Data are collected through surveys, observa- 
tion, measuring, counting, and experiments. 
If we study rainfall, we might collect rain and 
measure the amount that falls each day. If 
we study hair color, we might observe and 
record the color of each person's hair. 

Collecting data involves detailed Judgments 
about how to count, measure, or describe. 
Should we record rainfall data for each day 
or for each rainstorm? Should we round off 
to the nearest inch? Should we count Just 
one color for a person's hair? Should we 
record fellow- or -dirty blond" or -gold**? 
Should -brown" be a single category, or 
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should it be divided into several shades? 

Once data are collected, recorded, counted, 
and analyzed, we can use them as the basis 
for making decisions. In one school, for ex- 
ample, a study of accidents on a particular 
piece of playground equipment showed that 
most of the accidents involved children who 
were in first, second, or third grade. Those 
who studied the data realized that the 
younger students' hands were too small to 
grasp the bars firmly enough. A decision to 
keep primary grade children off this equip- 
ment was made because the data, or the 
facts, led to that conclusion. 

When students collect data, they are collect- 
ing facts. When they interpret these data, 
they are developing theories or generaliza- 
tions. The data provide the basis for their 
theories. ■ 



SESSION 4 ACTIVITIES 

Organizing tire data: Pictures, 
sicetclies, and graphs 

Tell students that they are now going to be 
showing in several different ways what they 
found out in their surveys. Students work in 
their small groups. First, they show their 
data with interconnecting cubes. Remind 
students about the way they used cubes 
earlier to show the results from ^Guess My 
Rule.'* For some students, this concrete 
representation is an Important connection 
between the real people and a representation 
on paper. 

Then ask each student to make a picture or 
a sketch on paper, showing the data they 
collected, as a group. This picture is a way to 
show someone else what they found out. The 
emphasis of this session is on having 
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students invent their own ways of represent- 
ing their data. See the Teacher Note, Sketch- 
ing data (page 24), for examples, Encourage 
the students in a single group to each use a 
different way to show their data. Students in 
the same group will benefit from seeing their 
teammates showing exactly the same data in 
different ways. 

Extensions 

Some teachers link classification activities 
with multicultural studies. A look at family 
origins, language, and culture In order to 
help students understand and appreciate 
cultural diversity can be a rewarding and 
rich experience in a classroom. During such 
a study, students can sort photographs or 
name cards of everyone in the class and/or 
undertake surveys that focus on such char- 
acteristics as where students were bom, 
what languages they speak, or where their 
ancestors are from. ■ 
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^TEACHER NOTE 

Sketching data 

Graphs are traditionally the focus for 
instruction in statistics in the elementary 
grades, even though the process of doing 
statistics Involves much more than simply 
making and reading graphs. Most of us think 
of graphs as the endpolnt of the data analy- 
sis process. Mathematicians and scientists, 
however, use pictures and graphs during the 
process of analysis as tools for understand- 
ing the data. Representing data is an attempt 
to organize the data so that we can see 
overall diaracteristics more clearly. 

Our students must gain facility with creating 
pictures, diagrams, tallies, tables, graphs, or 
concrete models that provide a first quick 
look at the data. We call these representa- 
tions "sketches" in order to emphasize that 
they are working representations, rather 
than final products. 

We want students to become comfortable 
with a variety of types of sketches. Sketch 
graphs should be easy to make and easy to 
read: they should not challenge students' 
patience or fine motor skills. 



Y don't require labels or titles (as long as 
students are clear about what they are 
looking at] 

Y don't require time-consuming attention 
to color or design 

Y may not be precise, straight, or perfectly 
aligned 

Sketch graphs might be made with pencU 
and paper, with Unlflx cubes, or with stick- 
on notes (such as Post-it notes). Cubes and 
stick-on notes offer flexibility since they can 
easily be rearranged. Encourage students in 
the second and third grades to construct 
concrete and pictorial representations of 
their data, using lnterlockli:g cubes, their 
own pictures, or even the actual objects. 
Also model for students a variety of quick 



sketches, including forms of sUnple bar 
graphs and tallies. 

Encourage students to Invent and use differ- 
ent forms until they discover some that work 
well in organizing their data. Students in the 
second and third grade are capable of invent- 
ing simple, but effective, sketches and 
pictures of the data they collect, like the 
examples shown in this Teacher Note. 

At this age level, stress making clear and 
organized representations, but do not require 
precision. Students may not make uniform 
squares for their bar graph or line up their 
pictorial symbols evenly (see page 23), but if 
their sketch helps them describe and inter- 
pret their data, they are well on their way to 
developing Important skills in data anafysis. ■ 



Sketch graphs: 

can be made rapidly 
^ reveal important features of the data 
yf are clear, but not necessarily neat c 
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YEKTTIS: 

WHAT HAS A SQUARE HEAD, 

ONE ANTENNA, 

AND DOUGHNUT EYES? 




INVESTIGATION OVERVIEW 




\ % "f ■■ 



What happens 

This Investigation takes a trip Into fantasy 
with a look at the Yekttls (YEK-tees). Like 
scientists studying a newly discovered form 
of life, students discover the attributes of the 
Yekttls through an activity led by the 
teacher. Hiey then play "Guess My Rule" 
with a set of cards portraying all the 
individual Yekttls. The "Guess My Rule" 
game becomes more complex as students 
learn to consider more than one rule at a 
time. Venn diagrams are Introduced as a way 
to represent the different Yektti attrirmtes. 

The activities take four class sessions of 
about 30-45 minutes. 



What to plan ahead of time 

^ Read about the Yekttls in the Teacher 
Note. Using the Yektti set, page ?0 
(Session 1). 



Y Pull out the full page Yektti pictures at 
the end of this book to make a set of 
large Yektti cards (Session 1). 

^ Prepare sets of small Yektti picture 
cards and word cards for each small 
group according to the guidelines In the 
Teacher Note. Using the Yektti set, page 
29 (Sessions 2 and 4). 

'Y Become familiar with using Venn 

diagrams to show two overlapping sets. 
See the Teacher Note. Venn diagrams: 
Sorting by two attributes, page 37 
(Session 4). 

^ On a large piece of easel or chart paper, 
draw two non-overlapping circles 
(diagram A). On another piece, draw two 
overlapping circles (diagram B). Use a 
diameter of about 20 Inches, with an 
overlap of about 10 inches. 
You might use two loops of string or 
ribbon or hula hoops instead. You will 



need only one copy of the non-overlap- 
ping circles, but each small group will 
need its own copy of the overlapping 
circles (Session 4). 




Diagram A 




Diagram B 
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Important mathematical Ideas 

^amining carefully the differences and 
similarities in a group of related objects 
or related data. Observing or considering 
the things to be sorted provides an initial 
sense of what categories might prove 
interesting. Here, students have to decide 
which characteristics of a group of fantasy 
creatures matter— which are always the 
same, which vary. Later, when they work 
with sets of real data, they will have :o make 
many similar decisions about how to classify 
their data. Deciding on categories ahead of 
time may obscure what is really interesting 
about the data; only through looking 
carefully at the data and their characteristics 
and sorting them in different ways can we 
begin to discover what the data may reveal. 

Using negative information to clarify the 
definition of a category* Continue to stress 
the importance of paying attention to what a 
category excludes as weU as what it includes. 

Articulating logical reasoning. After several 
experiences with "Guess My Rule," students 
can begin to explain their thinking about 
how they used the evidence to figure out a 
category. Students at this age level will vary 
a great deal in how clearly and precisely they 
can verbalize their reasoning, but all can be 
encouraged to talk about their strategies, as 
shown in the Dialogue Box» How did you 
know? 



Using Venn diagrams to show various 
relationships within a group of related 
objects. A Veim diagram— or, as your second 
and third graders may want to call it, a 
"circle diagram,"— is a special kind of 
representation that helps us show the 
results of sorting, as discussed in the 
Teacher Note, Verm diagrams: Sorting by two 
attributes. ■ 



SESSION 1 ACTIVITIES 

Introducing the Yekttis: A strange 
discovery 

Read the following story to start off the 
investigation, 

Lee and Anita, a pair of 8-year-old twins, 
discovered some strange creatures near their 
home in Wyoming, These creatures were living 
in abandoned prairie dog burrows next to a dirt 
road that the twins used as a shortcut on their 
way to school. Lee and Anita started studying 
these creatures. They visited them every 
chance they had. Because these creatures 
never came all the way out of their holes In 
the ground, Lee and Anita could see only t^kclr 
heads. The creatures looked as though they 
might have come from another planet. 

Lee loved to make up codes and learn about 
languages. After a few months, he learned how 
to say some words in the creatures* own lan- 
guage, and he taught them a few words in 
English and In Spanish. He learned that the 
creatures called themselves Yekttis (YEK-tees), 
that they came from a very distant planet, and 
that they were peaceful creatures. 

AnlU liked to study different kinds of living 
things. She decided to do a report about the 
Yekttis for a science project at school. She 
made a sketch of the head of each of the 
Yekttis she had seen. She noticed that a lot of 
them were similar to each other, but that no 
two were exactly alike. She used her sketches 
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to figure out how she could describe to other 
human beings what the Yekttla looked like. 

Today we will look at coplea of Anlta*a 
aketchea and see If you can figure out how to 
describe the Yekttis. 

Describing tiie Yeicttis 

Using the set of large Yekttl cards, show the 
class a picture of Just one Yektti. 

rm going to show you some Yekttis, one at a 
time. Here*s the first one. What can you tell 

about what a Yektti looks like? . . . Here*s 
another Yektti« What do you see that*s the 
same or that*s different from the first one? 
Remember, Lee and Anita found out that the 
Yekttis were similar, but no two were exactly 
alike. 

Gradually reveal more Yektti cards as 
students develop their descriptions. Chal- 
lenge students to try to figure out the special 
characteristics of • hese creatures. 

Now that you*ve seen quite a few of the Yekttis 
and you've made some observations about how 
they look, see if you can ask me for a particu- 
lar Yektti that you think I might have here. 
Lynne said that this one has a square head and 
three antennas. Can anyone think of another 
one I might have that's like this one, but not 
exacUy like it? 

To stress the informational nature of each 
student's contributions, rather than whether 
or not a particular description is '^correct/ 



respond to each description with another 
piece of information. For example, suppose a 
student asks, ''Do you have a Yektti with a 
square head and 5 antennas?** You might 
answer, ^No, I don*t have one with 5 anten- 
nas, but I have this square one with 4 
antennas.** (For further ideas, see the 
Dialogue Box, Describing the set of Yekttis. 
page 28.) 

At the beginning of this activity, some 
students may have difficulty thinking about 
many characteristics at once. Choose Yekttis 
with the same head shape at first, until 
students have begun to realize that there are 
different eye types and difTerent numbers of 
antennas. Then you can introduce new head 
shapes dramatically. Just as students are 
feeling comfortable with the information they 
have deduced so far. 

Keep the Yekttis they have identified visible, 
perhaps along the chalkboard ledge or held 
up by students standing in front of the 
group, while the class tries to flgure out 
which ones they haven*t yet identified. 

Through questioning, students gradually 
infer the attributes of the Yekttis: the four 
head shapes, the four numbers of antenna, 
and the two eye types. After a while, you can 
ask students to specify completely all three 
attributes of the Yektti they want to see, e.g., 
**! want a triangle Yektti with one antenna 
and ringed eyes." (See the Dialogue Box, 
Describing the set of Yekttis. page 28,) 

Students often come up with their own 



descriptive vocabulary, especially to describe 
the Yekttis* eyes. Some have called the plain 
eyes •'cookie eyes** or "hamburger eyes** and 
the ringed eyes "doughnut eyes** or "bagel 
eyes.** Using the students' invented words for 
these descriptions is fine. The eyes are called 
plain and ringed on the game cards used in 
Session 2; eventually you will need to estab- 
lish this common vocabulary. 

When the discussion has touched on all the 
possible Yektti types, ask students to sum- 
marize the characteristics of Yekttis. They 
can list characteristics that all Yekttis have 
(a small mouth, no nose, no ears) and char- 
acteristics that differ (the four head shapes, 
the two eye types, and the number of 
antennas ranging from 1 to 4), There is no 
necessity to generate all 32 of the individual 
Yekttis, but some classes do enjoy figuring 
out every last one. 



Deveioping tlieories 

In many classes, students have spontane- 
ously begun to develop theories about the 
characteristics of the Yekttis, For example, 
some speculated that Yekttis with one eye 
type were females, and those with the other 
eye type were males. Others have thought 
these might be adults and children. Another 
group speculated that the number of anten- 
nas was an Indication of age: the more 
antennas, the older the Yekttis, Another part 
of this session's discussion can focus on 
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udent's theories, which might be incorpo- 
ited li> writing about the Yekttis If you 
deVide to dp the extension suggested in 




Extension 

An advanced question is: How many Yekttis 
are there altogether if there is one Yektti with 



every possible combination of characteristics 
and no duplicates? Second and third graders 
have been able to make pictures or diagrams 
to flgure out the solution. ■ 



^99DIAL0GUE BOX 

Describing the set of Yekttis 

Here is one of the Yekttis. Can you figure out 
how Yekttis look? 

STUDENTS: It looks like a triangle ... It has 
antennas ... It has big eyes ... It has 
doughnut eyes ... It has rings around it . . . 
like a bagel ... It has a small mouth. 

These aire good descriptions. Let me show you 
another one. 

STUDENTS: The eyes look like cookies . . . 
The mouth looks like a wonn ... It has only 
1 antenna. 

What did the other one have? 

LYNNE: Three. 

I'll show you another one. 

MAYA: It only has 2 antermas. 

MARK: I see a pattern. The first one had 
three— 3. 2, 1! The next one probably has 4. 

I do have one with 4 antennas. Here It Is. Can 
anyone describe another Yektti I might have 
here? 

ELISABETH: Do you have one with doughnut 
eyes? 



I do. Here It Is. Who can ask for another one? 

EDDIE: One with 4 antennas. 

I do have some with four antennas, but can 
you tell me more about the one you want? 

EDDIE: And cookle eyes. 

I do have one like that, here It is. (ShoiDS one 
with a square hecuL] Who can describe another 
Yektti? 

DENNIS: A square one with 3 antermas? 

Yes. Actually I have two different square ones 
with 3 antennas. Can you tell me anything else 
about the one you want? 

DENNIS: It has doughnut eyes! 

BILLY: A round one with 3 antennas? 

Nope, I don't have any rotmd ones, but I do 
have seme other Yekttis with 3 antennas, like 
this one. [Shoius a hexagon head with olain eyes 
and 3 antennas.] This shape is called a hexagon. 
It has six sides. You're the first person to 
figure out something that's not true about 
Yekttis, BUly. Who thinks they can tell me 
about a different hexagon Yektti? 

ROSA: A hexagon with 1 antenna. 

Can you give me a little more information? 

ROSA: With cookie eyes. 



[Later] . . . 

SAM: A diamond Yektti with 1 antenna and 
plain eyes. 

Yes, I have one like that. Let's see. here it is. 
That was a careful description. I knew exactiy 
which one you meant. Who else can look 
carefully and tell me all the information I need 
for another one that's not out yet? 

LENA: The same but with 3 horns. 

The same? 

LENA: Yeah, a diamond with cookie eyes like 
the other one, but with 3 horns ... no. we 
have that one already . . . with 2 horns. 

PAUL: And a 4 one. the same with 4 
antennas. 

LENA: It's like a family. 

CARLOS: Can I ask a question? How come . . . 
they probably get older and older anti grow 
more antennas, like 1 and then they get 2. 

AIAN: Yeah, maybe it's the baby with Just 
1 antenna. 

SERENA: Or maybe the babies are bom bald, 
but they stay underground, so you never see 
them unless they're old enough to have 
1 antenna. ■ 
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^TEACHER NOTE 
Using the YekW set 



About the Yekttis 

Yekttls (YEK-tees) are fantasy creatures from 
outer space. They have from 1 to 4 antennas, 
two types of eyes (ringed or plain), and four 
head shapes (square, triangle, diamond, or 
hexagon). The Yektti cards are essentially an 
attribute set, that is, a set of things that can 
be sorted and classified according to the 
characteristics of this set. Like other 
attribute materials, this set is structured so 
that there is exactly one Yektti with each 
possible combination of characteristics; for 
example, there is one triangular Yektti with 3 
antennas and ringed eyes, one triangular 
Yektti with 3 antennas and plain eyes, one 
square Yektti with 3 antennas and plain 
eyes, and so forth. 

Unlike most sets of related things in t.te real 
world, the YelrtU set has only three attributes 
(number of a .itermas, head shape, eye type). 
Students have already dealt with a more 
complex set — themselves — ^which has endless 
possibilities for classification, and later in 
this unit they will be developing tlieir own 
categories for groups of things with much 
less well-defined characteristics. However, 
attribute materials like the Yekttis are useful 
exactly because they are more limited. 
Because the Yekttis can be sorted into only a 
few categories that can be easily deduced, 



students can concentrate on making careful 
observations and reasoning from evidence. In 
this investigation, students engage in sorting 
activities that require them to take into 
account more than one attribute at a time. 
The Yekttis hrip students learn about more 
complex sorting in a context that is not too 
overwhelming. 

The Yektti materials 

A complete Yektti set contains 32 individual 
Yekttis, one with each possible combination 
of head shape, eye type, and number of 
antennas. For this investigation, you will 
need one large Yektti set for whole class use 
and a small YektU set for each small group. 
A large set is obtained by carefulty removing 
the last 32 pages of this book. Small sets of 
cards for student use are commercially 
available from Dale Seymour Publications. 
Or, you can construct the sets yourself by 
duplicating and cutting apart the small 
Yektti pictures on pages 83-89. Laminating 
and/or mounting the Yektti cards on 
cardboard will give you more durable sets 
that can be used again and again. 

For whole class work (Session 1), you will 
need only the large Yektti set. Some teachers 
have made large Yektti transparencies for 
use with an overhead projector. For small- 
group work (Session 2), each student group 
will need its own small set of 32 Yektti cards, 
plus a set of 10 word cards, which can be 
duplicated from page 82. 



Work with sorting materials such as 
attribute block sets (sometimes called 
A-blocks), logic blocks, or people pieces is an 
appropriate extension throughout this unit. 
The game "Guess My Rule," as well as many 
other activities in which students investigate 
classlAcation, can be done with these 
materials. Attribute materials are sets of 
blocks or drawings on cards that vary in 
shape, color, size, or other characteristics. 
The Yekttis In this unit are one version of 
attribute material. Another is tue set of 32 
Attribute Blocks originally developed by the 
Elementary Science Study. Four colors, four 
shapes, and two sizes ait represented in the 
set, and there is one block for each possible 
combination of characteristics (e.g., one big 
yellow triangle, one small blue square). These 
are available from most distributors of 
mathematical manlpulatives. The ESS 
Attribute Blocks Teacher's Guide is available 
from Delta Education, Inc., P.O. Box M, 
Nashua, NH 03061-6012. ■ 
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SESSION 2 ACTIVITIES 



Small-group work: "Guess My Rule" 
with the Yektti cards 

Divide the class into groups of three. Give 
each group a set of the small Yektti picture 
cards and a pack of Yektti word cards. Each 
group will be playing "Guess My Rule" with 
the Yektti card sets. 

Students In the group take turns choosing a 
Mystery Rule about the Yekttis (for example, 
Vekttls with PLAIN EYES or Yekttis with 
THREE ANTENNAS). A Student can either 
decide on a rule and then find the word card 
to match it. or simply look through the cards 
and select one as the secret rule. In either 
case, the word card describing the Mystery 
Rule should be placed facedown cn the table. 
The word cards help students choose one 
rule and stick to it. They are also useful 
reminders if a student forgets which rule was 
chosen, and serve to reassure the guessers 
that there is a clear rule. 

Once the Mysteiy Rule is chosen, the 
student picks out a Yektti picture card or 
two to start the game, saying something like. 
"These Yekttis flt my rule." Other students 
now take turns asking if a particular Yektti 
fits. If it does, that card is placed In the 
center of the playing area. If it doesn't flt. the 
card is placed to one side, or wherever the 
players decide to put the Yekttis that don't fit 
the rule. 
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^^^Remember, the ones that don^tjit 
provide Important information, too! 
Sometimes the student who chose the rule 
doesn't realize that all the evidence needs to 
remain visible to the guessers. Help students 
establish a place to put the "don't flt" cards 
where everyone in the group can see them. 

It's important that students deduce the 
Mystery Rule by examples, not by Just 
guessing different rules. Only when it seems 
that most students have flgured out the 
Mysteiy Rule, or when most of the cards 
have been placed, can they guess what the 
rule is. Then the rule-maker can tum over 
the secret word card to conflnn it, Some 
students like to have all cards placed before 
the rule is revealed. Each student should 
have at least one tum (and if time allows, 
two turns) at choosing the Mystery Rule. 

For some students, this game will be easy. 
However, this is the first time students will 
be playing "Guess My Rule" on their own in 
small groups. In addition to observing 
carefully the classification of the cards, they 
will also be struggling with turn-taking and — 
when it's their tum to choose the rule- 
managing others' guesses, giving accurate 
feedback, and deciding at what point players 
can guess the rule. For students who are 
Just beginning to learn )ut small-group 
collaboration, this is all hard work. As you 
circulate, participate briefly in each game so 
that you can continue to model the need for 
careful observation of both positive and 



negative evidence. Where appropriate, help 
students decide on ways to manage their 
small-group work. 

At this point, some students may invent the 
**double-rule" game that you will be 
introducing in the next session. By all 
means, encourage them to experiment with 
two rules If they seem ready to do so. 

Extension: Using tlie computer for 
classification 

Use the computer program Gertrude* s 
Secrets (The Learning Company), which 
contains three types of classification games. 
The Loop Puzzles are a version of **Guess My 
Rule," using shape and color. No more than 
three students should work together at the 
computer; usually pairs are best so that each 
child can really participate. Some students 
might like to use the Shape Edit room, in 
which they can make their own shapes to 
use in the puzzles. They could try making 
some Yekttis, for example (although keep in 
mind that the new puzzle pieces can't be 
saved; they can be used only during the 
session in which they are created). ■ 
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SESSION 3 ACTIVITIES 

Introducing the two-rule version of 
"Guess My Rule" 

Play "Guess My Rule" with students in the 
class, as you did in the first session of the 
Investigation. Sorting people: WhoJUs my 
rule? You might want to start with one round 
of the game using a single rule to remind 
students how the game works. 

Choose two rules such that some students 
will fit both (e.g.. WEARING STOIPES and 
BROWN HAIR). 

Now I haT« a bigger challenge. This time I hare 
two Mystery Rules in mind. You'll be trying to 
figure out both of them. People who fit Rule 1 
will stand over by the chalkboard. Sean and 
Amy fit my first rule. And I have another rule, 
a different one. Rule 2 people will stand by the 
windows. Jessica and Rosa fit Rule 2. This 
time when you choose someone, you hare to 
tell me which rule you think the person fits. 

As the game progresses, remind students to 
observe each group carefully and look for 
what the students in that group have in 
common. 

At some point in the game, students will 
notice that some people belong in both 
groups. When this occurs f either during the 
game or once the rules ha/e been guessed), 
ask them what they want to do about people 
who fit both rules (see the Dialogue Box. 



Working with two rules, page 32). Usually, 
students suggest that these students go in 
the middle between the two walls or that 
they stand against a third wall. (If students 
do not bring up the overlap problem 
themselves, draw their attention to the issue 
of people who belong in both groups.) 

When everyone has been assigned to the 
appropriate group, ask students to try to 
articulate a description for each group, 
including the group of students remaining in 
their seats. Not all students will be able to 
give precise descriptions; encourage them to 
give at least partial descriptions, and ask 
others to complete the description (as 
demonstrated in the Dialogue Box. Working 
with two rules). 



Play one or two more rounds of "Guess My 
Rule" with people, this time using one of the 
class suggestions for where the students who 
fit both rules should stand. 

Students enjoy contributing the rules for this 
game. You can have pairs or small groups of 
students each write down one possible 
Mystery Rule on an index card. Collect all 
the cards, mix them up, and draw out two. 
Use these two secret rules for the next round 
of the game. For some pairs of rules, you 
may have students who fit in the overlap 
gro p, but for other pairs— BROWN HAIR and 
BLACK HAIR, for example— there will be no 
students in both categories. ■ 





BROWN HAIR 
WEARING STRIPES 



WEARING SlTilPES 
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^99DIAL0GUE BOX 

Working with two rules 

I*m thinking of one rule for people standing by 
the chalkboard [the secret rule is BROWN HAIR ] 
and a different rule for people standing by the 
windows [the secret rule is WEARING BU/E]. 1*11 
start out with Sean and Amy by the chalk- 
board* and Tm going to put Jessica and Rosa 
by the windows. Any ideas about who else 
might fit? 

ALAN: I think Maya goes by the chalkboard. 
Yes, she does fit there. 
SERENA: Does Mark go by the windows? 
Not he doesn't fit there. 

SERENA: How about by the chalkboard? 

Yes, Mark fits the rule I have for the group by 
the chalkboard. Who thinks they might know 
where Sam goes? 

CARLOS: I don't think he goes in either place. 
You're right, so what should Sam do? 

CARLOS: He should just stay in his seat. 

OK, Carlos Is suggestLig that Sam stay in his 
seat because he doesn't fit cither rule* Does 
everyone agree? 

LYNNE: Well he should stand up. 

Why should he do that? 

LYNNE: Because then we'll remember that we 
already tried Sam and he didn't fit anywhere. 



OK, so that's how we'll tell who doesn't fit. 

[Later] . • , 

I think you*re ready to guess the rule for the 
people by the windows* 

KIMARA: It*S BLUE. 

TeSt my rule was WEARING BLUB. OK, everyone 
who is wearing blue move over to the windows. 

[Several students Jrom the ""chalkboard 
group'* start moving over to the windows.] 

[Dramatically] But you're in the chalkboard 
groupl 

[They look confused. One of the students 
starts moving hack.] 

[Laughing] But you're in the BLUB groupl 

SEVERAL STUDENTS I talking at once] : Wait a 
minute. Ym in both. Christina's got blue and 
she's in the chalkboard group. Yeah, and 
Maya has blue on her blouse, and she's in 
the chalkboard group, too. 

Oh, dear, you're right* But Maya and Christina 
do fit my rule for the chalkboard group and 
they're WEARINO BLUB. Let's see If we can get 
the rule for the chalkboard group and then 
we'll have to figure out what to do about 
people who fit both my rules* Does anyone 
think they know who else goes in the 
chalkboard group? 

[Later] . , , 

OKt you guessed that the chalkboard group all 



have BROWN HAIR. Now, we have all these 
people who have BROWN HAIR over here, and all 

these people who are WEARING BLUB over there. 

But what can we do about the people who have 

BROWN HAIR and BLUE? They can't Just keep 

running back and forthi 

AMY: Well, all the people who have both 
could go to a diflerent place. 

EDDIE: They could stand over by the door, 

JANE: They could go In the middle, like kind 
of touching both groups. 

How would that work? . • • 

[EventuoRy all the students have been 
assigned to the chalkboard group (brown 
HAIR), the window group (wearing blue), 
the middle group (BROWN HAIR AND wearing 
BLUE), or are standing up at their seats 
(DONT HAVE BROWN HAIR, NOT WEARING 
BLUE).) 

Now, who can tell me why some of you moved 
to the middle? 

KATIE: Some of the kids with BROWN HAIR 
also had BLUE clothes on. 

DENNIS: If you have both things, you stand 
In the middle. If you have one thing, you 
stand at the side. 

Who could pick one of the groups and say 
exactly what the rule Is for that group? And 
don't forget the group that Is still at their 
seat»— they're an important group, tool 

LYNNE: Well, the chalkboard group has 
BROWN HAIR 

(Dialogue Box continued) 
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It's true, I see BROWN hair on everyone in the 
chalkboard group. But that's not the only 
place I aee BROWN hair. Can anyone add to 
Lynne's description? 

SAM: The middle group has BROWN HAIR, 
too. 

Hnun. so how I tell the difference? 

LYNNE: The middle group has BROWN HAIR 
and they're WEARING BLUE. 

ROSA: And the chalkboard group has BROWN 
HAIR and ISNT WEARING BLUE! 

What a clear way of putting It. Lynne and 
Rosa. Can anyone else describe one of the 
groups? How about the group still at their 
seato: that's a real challenge . . . ■ 
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SESSION 4 ACTIVITIES 



card belongs. Cards that do not fit either rule 
should also be placed in a visible space— for 
example, around the edges of the circles. 

Once the rules have been determined by the 
group— or even during the game, since 
students have faced this issue in the 



previous session— someone will bring up the 
problem of where to put Yekttis that fit both 
rules. Encourage any student suggestions 
about how to show clearly which Yekttis 
have both characteristics. For example, they 
could have a third circle that shows square 
Yekttis with 2 antennas: or they could put 
the cards that lit both rules down in such a 
way that they touch both circles. 

After you have completed one game, display 
the large paper with two overlapping circles 
(or move your strliig or ribbon loops so that 
they overlap). 

These overlapping circles make what we call o 
Venn diagram. You can use the fancy name for 
It. or you can call It a circle diagram. This is a 
kind of picture that mathematicians use to 
solve the problem of things that belong in both 
groups. The special place In the middle is 
really Inside both circles, so that's where the 
Yekttis that are square and have 2 antennas 
can go. Which ones should we move to the 
middle? 



SQUARE 2 ANTENNAS 




Introducing Venn diagrams: A way to 
show overlapping attributes 

For information about the Venn diagrams 
you will be using in this session, see the 
Teacher Note, Verm diagrams: Sorting by two 
attributes (page 37). Have students gather 
around the floor or a table where you have 
placed the large sheet of paper with two non- 
overlapping circles on it. 




SQUARE 2.^NTENNAS 



Choose two secret Yektti rules, one for each 
circle— for example, SQUARE and 2 ANTEN- 
NAS. Play "Guess My Rule" with two rules, 
using a small set of Yektti cards. Students 
have to specify in which circle they think a 
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After they sort all the cards, ask students to 
describe what they see. 

Which Yekttis can go only In Circle 17 How did 
you figure that out? Which can go only In 
Circle 27 When did you first auapect that waa 
the rule? Which go in the middle? What kinds 
of Yekttia can't go in either of the two circles? 
lYekttts that are hexagons, triangles, and 
diamonds with 1,3. or 4 antennas] How do you 
know? 

Keep in mind that many kinds of analytic 
skills are involved in this Investigation. Some 
students will be able to place the Yektti cards 
accurate^, but may not be able to verbalize 
the descriptions of each group. Others may 
be able to describe the groups once they are 
formed, but may not be as good at using 
evidence during the course of the game. 
Students will learn from each other 
throughout these activities. 

Tiy one or two more examples, using the 
intersecting circles, before students break up 
into their small groups. 

Sorting by two rules: Small-group work 

students play "Guess My Rule" with two 
rules, using the large Venn diagrams you 
have prepared, the small Yektti card set, and 
the Yektti word cards. The rule-maker will 
choose two secret word cards, one for each 
circle. As you circulate, help the students 
remember that the middle section is really 
inside both circles and is the place for 
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Yekttis that fit both rules. If one circle is 
TRIANGLE and one is PLAIN EYES. Yekttis 
with triangle heads and plain eyes fit in the 
intersection. Sometimes, no Yekttis will fit In 
the middle. For example, if one rule is 
TRIANGLE and one rule is HEXAGON, no 
Yekttis are both. However, it is still perfectly 
legitimate to use these two rules. 

Continue to circulate and support students 
as they become Increasingly independent in 
managing their small-group work and 
thinking about these more difficult 
classification problems. Some students, 
using the large-group work as a model, will 
begin to discuss their strategies (see the 
Dialogue Box. Hou^ did you know?, on page 
35). With your own questioning, encourage 
other students to begin to discuss how they 
are thinking about the problems. 

Extension: More computer games 

Use Gertrude's Puzzles fThe Learning 
Company), a computer program that is a 
slightly more advanced version of Gertrude's 
Secrets. In particular, some students might 
want to try the 3-loop version of Loop 
Puzzles. 

Extension: "Guess My Rule" witli words 

Using students' spelling words or any set of 
word cards, small groups can play "Guess 
My Rule" with words, using rules such as: 
HAS AN E', STARTS WITH AN 'S', HAS DOUBLE 

LETTERS, HAS TWO VOWELS, and SO forth. 



This game also works well as a chalkboard 
game with the whole group; it is a perfect fill- 
in activity for the few minutes before lunch 
or at the end of the school day. 



WORDS THAT START 
WITH'C; 

Words that 
start with 
■c'and 
don't have 
dout}le 
letters—* 




WORDS WITH DOUBLE 
LEHERS 

Words with 

double 
letters that 
doni start 
with"c" 



Words that start with 'c' 
and have doul}le letters 



Ext : sion: Otiier attribute materials 

See the Teacher Note, Using the Yektti set 
(page 29) for a discussion of appropriate 
attribute materials to use for further 
classification activities. 

Extension: Yel(tti stories and pictures 

Many classes have integrated this 
mathematics activity with writing and art. 
Since only the Yekttis' heads have been seen, 
it is anybody's guess what their bodies look 
like. According to the Yektti story, Lee did 
learn to communicate with the Yekttis a 
little, but their language was veiy strange 
and difficult, so he couldn't ask a lot of the 
questions he wanted to ask. For instance, he 
never found out why they never came out of 
the holf^s in the ground or what the rest of 
their bodies looked like. Students can draw 
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pictures of what they think a complete Yektti 
might look like and/or write stories about 
Yckttl culture and habits: What do they eat? 
Do they work? If so, doing what? Do they live 
in families? What do they do for fun? What is 
their home planet like? Students have really 
enjoyed this activity and have come up with 
many wonderful descriptions of Yekttls. (See 
the Dialogue Box. Second graders describe 
Yekttis. page 36). ■ 



^99DIAL0GUEB0X 

How did you know? 

[Working in a smcdl group with Amy, Tony, 
and Lervoi, Glenn has picked two secret Yektti 
rules: RINGED EYES and TRIANGLE heads.] 

AMY [choosing 4 ANTONNAS, RINGED EYES. 
sgUARE]: Does this fit the rule? 

GLENN: Yes. it goes here. 

TONY [picking 4 ANTENNAS. RINGED EYES. 
HEXAGON): Tills one? 

GLENN: Yup. 

TONY: Oh. it could be two of one, I mean one 
of two. They both have DOUGHNUT EYES and 
they both have 4 ANTENNAS. 

LENA: [holding up 4 ANTENNAS, RINGED EYES, 

DIAMOND]: This one goes. 
TONY: But it could still be both. 



AMY: [showing 4 ANTENNAS, PLAIN EYES, 
DIAMOND]; I knowl This one! 

GLENN: No, it's a reject. Good information! 

[Tony silently holds up a 3 ANTENNAS, 
RINGED EYES, DIAMOND Yektti] 

GLENN: It fits. 

AMY: Can I guess it? [Glenn nods.l It's 
RINGED EYES. 

LENA: How did you know? 

AMY: I looked over here [indicates the 
discards] and I saw there were no RINGED 
EYES. 

TONY: At first I thought it was 4 ANTENNAS, 
but that one [points to 4 ANTENNAS, PLAIN 
EYES] didn't go. so I changed my mind. 

LENA: This is good. You got it after 1 1 cards. 

GLENN: But you don't know my other rule 
yet. ■ 





ERIC 



69 



Yekttls: What has a squp'^ head, one antenna, and doughnut eyes? 35 

70 



^99DiAL0GUE BOX 

Second graders describe 
Yekttis 

Here are some Yektti descriptions from 
second graders— in their own words and 
spellings! 

y Yekttis eat a strange kind of food. It is 
called mlngilems. It is different colors. 
They live on a place cold and damp. No 
scientists know what it is called but I 
do. It is called Otulp. My Yektti's name 
is Rocky. The End. 

My Yektti's name is Mimi. It lives on a 
different planet that is far away. She 
only eats salad. She is a princess. On 
her planet they play nentcndo for fun. 
They get electriede from there antenas. 
She has fore antenas. All yekktJs are 
peceful. 

Y Yekttis eat rats and mice braens. The 
yekttis had a queen but she died. When 
she died they wood not llson to the king 
so they went by there on rules. And 
thats the end of the stoiy. ■ 
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^TEACHER NOTE 

Venn diagrams: Sorting 

by two attributes 

To Introduce Venn diagmms, we deliberately 
begin with two circles that are not overlap- 
ping so that students get a chance to think 
about two rules at a time and to invent ways 
of dealing with items that fit in both 
categories. 

Suppose we are sorting animals according to 
two categories: ANIMALS THAT live in our 
NEIGHBORHOOD and ANIMALS THAT CAN HOP. 
We might think of these animals: 




LIVE IN THE HOP 
NEIGHBORHOOD 

We soon realize that some of t e animals fit 
in both circles. Suppose that in our neigh- 
borhood, for example, there aren't any 
rabbits or kangaroos, but there are grass- 
hoppers and frogs. We could write these 
animals in both circles, or we might place 
them in a separate spot, say above and 
between the two circles. 
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However, mathematicians have a way of 
representing the data that clearly shows the 
relationship between the two categories. By 
moving the two circles together, we create an 
overlapping space that is inside both circles. 
Now we can see that some animals fit in only 
one circle, some fit in only the other circle, 
and some fit in both: 




LIVE IN THE HOP 
NEIGHBORHOOD 

The word AND is important In describing the 
space inside the two circles, which we might 
call the overlap or intersection. The 
grasshopper and frog hop AND live in our 
neighborhood. The animals in the left-hand 
circle live in our neighborhood but do not 
hop. The animals in the right-hand circle 
hop but do not live in our neighborhood. 

Some teachers emphasize the separate 
categories by drawing the two circles in dif- 
ferent colors or making them with two 
different colors of ribbon or string. Color 
provides an easier way to Identify each circle: 
Does this one fit in the yellow circle? Are you 



ready to guess the rule for the blue circle? 
Everything in the yellow circle has 2 anten- 
nas. It also may help some students visually 
isolate each circle, and see that the intersec- 
tion is inside both circles. 

Of course, even though a space exists to 
show items that fit in both categories, there 
may not be any items that fit in both. For 
example, if our two categories are STUDENTS 
WITH BROWN EYES and SITJDENTS WITH BLUE 
EYES, we will not have students who fit both 
criteria. This situation will come up in using 
the Yekttls when students select two word 
cards, such as SQUARE and HEXAGON— that 
describe two mutually exclusive categories. 
That is, no Yekttl has a square head AND a 
hexagon head. 

This situation might also arise Ir classifying 
real data. Suppose we are classifying animals 
in two categories: animals that LIVE IN OUR 
NEIGHBORHOOD and animals that SWIM. In 
one community there might be no animals 
that fit in the intersection: 




LIVE IN THE SWIM 
NEIGHBORHOOD 
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In another community, there might be many 
animals that fit in the intersection: 




LIVE IN THE SWIM 
NEIGHBORHOOD 



In this second case, the duck, catfish, water 
strider, beaver, and frog all live in the neigh- 
borhood AND sv/im. ■ 
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Sorting and classifying data 
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"THING COLLECTIONS": 
WHAT GOES WITH WHAT? 



INVESTIGATION OVERVIEW 




What happens 

In this Investigation, students explore physi- 
cal attributes of common objects, including 
both properties they can see and feel such 
as what the object is made of, and properties 
that they can discover onfy through experi- 
ment and observation— for example, whether 
something floats in water. This investigation 
can be easily integrated with the science 
curriculum, and you may want to add some 
additional experiments in line with science* 
activities you are planning (see page 52 for 
some suggestions).* 

In this Investigation, students collect data 
about a -thing collection," consisting of 



•The development of this Investigation was Influenced by 
one of the Elementary Science Study units, Sink or 
Float which the authors used In their own classrooms. 
For further work In this area, vou may want to use the 
unit Itself, which Is available from Delta Elducatlon, Inc., 
P.O. Box M. Nashua, NH 03061-6012. A related unit, 
Clay Boats, Is also available from Delta. 



everyday objects: they then represent their 
findings using Venn diagrams, tables, pic* 
tures, and graphs. In the first two sessions, 
they devise their own criteria for sorting the 
objects according to properties they can see. 
In the last two sessions, students experiment 
to see whether objects sink or float in water. 

The activities take four classes of about 45 
minutes each. 

What to plan ahead of time 

^ Prepare identical "thing collections" of 
about 20 small objects— one collection 
for each group of 3 students and an 
extra for yourself (Sessions 1-4), See the 
Teacher Note. Preparing a ""tntng coUec- 
ttoa** page 43. for specific suggestions. 

^ Duplicate the one-circle diagram (page 
80) for each group of 3 students 
(Sessions 1-2). 



▼ Make a transparency similar to the one- 
circle diagram for use with an overhead 
projector (optional. Session 1). 

▼ Duplicate the two-circle diagram (page 
81) for each group of 3 students 
(optional. Session 2). 

▼ Set up a small tub or basin half-filled 
with water for each group of 2-3 
students (Session 3). Plastic dishwash- 
ing tubs work well. You may be able to 
borrow the tubs from the science 
teacher or the kindergarten, or students 
may be able to bring them from home. 
The tubs should be on a surface that 
can get wet and be wiped off later. 
Spread newspaper on the floor under 
the area if you wish. 

▼ For objects in the collection that are 
likely to disintegrate or get waterlogged 
(such as an index card), have extras 
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available so students will be able to try 
these items more than once (Session 3). 

^ Prepare and duplicate a recording sheet 
for each small group, with the things in 
the collection listed down the left side 
and space to write next to them 
(Session 3). 

Pop sicle stick 

nail 

paper clip 

candle 
index card 
button 
string 



Important mathematical Ideas 

Thinking flexibly about the characterlS'* 
tics of the data. The "thing collections" 
make up a complex set with many character- 
istics. As students sort the materials them- 
selves or try to figure out how others have 
sorted them, they must think about the 
objects in many different ways, shifting their 
points of view in order to see relationships 
that may not be Immediately obvious. 

Articulating logical reasoning. As students 
gain experience with developing and defining 
categories, ask them more often to explain 
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how they came to a decision, to substantiate 
their conjectures, and to give reasons for 
their ideas, as shown in the Dialogue Box. 
Paying attention to the evidence. 

Constructing clear definitions for ^'fuzzy'' 
attributes. Many of the characteristics 
students have encountered so far in the unit 
have been relatively ea^ to define, although 
you have probably already run into some 
difficulties in definition— for example, is a 
student's hair brown or blond or in-between? 
The collections are more like real-world data, 
which are often "messy" and hard to define. 
Is a rubber band round? Well, sometimes. Is 
a nail tall or short? It depends. 

In this investigation, students grapple with 
the challenges of being precise, clear, and 
accurate in describing categorical data, as 
discussed in the Teacher Note, The challenge 
of fuzzy attributes: The teacher's role. 

Constructing your own categories to 
describe the data. In the sink-or-float 
section of this investigation, students 
construct iiicir own categories to describe 
data they have collected. Important 
categories may not always be known ahead 
of time, before data collection and analysis, 
but may emerge through experimentation or 
observation. As students leam more about 
their data, they often see new ways of sorting 
that they did not consider earlier— a process 
described in the Teacher Note, Constructing 
yow own categories. 

Inventing representations of data. At this 



age level, students are encouraged to come 
up with their own ideas for pictures, 
sketches, tables, and graphs to portray their 
findings, as illustrated In the Teacher Note, 
Inventing pictures of the data. 

Using more than one representation to 
view data. Again, students have the 
opportunity to see their peers graph the 
same data in different ways. In the process, 
they pick up new ideas about picturing data 
and begin to see how different represen- 
tations can communicate different 
information. 

Building theories about the data. 

Collecting, representing, and thinking about 
data lead to many descriptions of and 
theories about the world. Even young 
children can use their data as a basis for 
conjecturing, describing, generalizing, and 
wondering. ■ 
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^TEACHER NOTE 

Preparing a ''thing collection'' 

Collections of common objects give students 
the chance to explore similarities and 
differences in shape, color, texture, material, 
function, and a variety of other properties. 
Following are a few guidelines for putting 
together classroom "thing collections.** 

^ A collection of about 20 small objects 
pro'.ides enough variety and Is a 
manageable size for second and third 
graders. 

As you choose objects, look for a few 
clear properties that are each shared by 
4-8 objects. For example, you might 
include 7 ROUND things, 5 RED things, 6 
METAL things, and 4 PLASTIC things. Of 
course, some objects might have more 
than one of these characteristics. 

^ Try to avoid too much variety in color so 
students will focus on other properties. 

^ You will need some objects that will sink 
and some that will float in water. Also 
include a few things that float for a 
while, then sink once they become 
waterlogged (index card), or things that 
sometimes sink, and sometimes float, 
depending on how you put them into the 
water (paper cup). 

^ Because you will be playing "Guess My 
Rule" with the whole class, and each 
small group will be using its own 
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collection^ all the collections should be 
identical. For Instance, if you include 
pipe cleaners, put the same colors in 
each collection. If you include paper 
clips, use the same size for everyone. 

^ Store each collection in a small plastic 
refrigerator container or plastic bag. 
(Sometimes students count the 
container as part of the collection, too.) 

^ You may want to exclude things that roll 
easily (like marbles) because they are 
hard to sort on flat surfaces. 

^ Keep a supply of duplicate objects, as 
some will inevitably be lost or broken, or 
will disintegrate when put In water in 
Session 3, 

You will pi'obably have your own ideas for 
suitable objects that are readily available. A 
list of suggested items is given at right. ■ 




index card 


straw 


pipe cleaner 


rubber band 


button 


piece of string 


small paper clip 


peanut (in the shell) 


large paper clip 


sugar cube 


red checker 


piece of bric-a-brac 


black checker 


plastic drink stirrer 


jack 


Unifix cube (or centi- 


key 


meter cube) 


screw 


Popsicle stick (or 


toothpick 


tongue depressor) 


nail 


wooden bead 


birthday candle 


piece of aluminum foil 


piece of sponge 


plastic coffee can lid 


paper cup 


poker chip 


piece of macaroni 


penny 
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SESSION 1 ACTIVITIES 



their collections before you ask them to focus 
on a large -group discussion, 

You>e been learning to look carefully as you 
think about what's the same and what's 
different in a group of things. You did this 
when we played Guess My Rule** with the 
class and with the Yekt.is, Now let's do the 
saine with our ''thing collections,** What can 
you tell me ^bout what's the same and what's 
different about all the things in the collection? 



Encourage students to make statements 
about the whole collection, not just about 
individual objects (see the Teacher Note, 
Making generalizations about a collection, 
page 46), Quickly record their descriptions of 
the collections and organize their information 
in a chart like one of those shown here. 



This collection does: 


This collection does not: 


Have 20 objects 
Have some shiny things 
Have a lot of small things 


Have anything alive 
Have anything green . . . 




Everything In the 
collection: 


is metal, plastic, or paper 

is smaller than a chalkt)oard 

eraser 
is larger than . . . 


Nothing In the collection: 


is alive 
can be eaten 
is gold or silver . . . 


Some things in the 
collection: 


are white 
are round 
you can write on 
are useful . . . 



This discussion is simply an introduction to 
the collections, giving students a chance to 
observe carefully and to use and hear a 
variety of words that describe the objects. 
The discussion need not go on too long- 
probably no more than 5-10 minutes. 



Organising f/ie coilections: 
Piaying "Guess My Rule'' 

We*re going to play "Guess My Rule*" with the 
collections, It will probably be harder now than 
when we played It with the Yekttls* because 
there are a lot more possible rules. You'll have 
to look very carefully at the evidence. Don't 
Jump to conclusions. I want you to be able to 
give good reasons for your Ideas, 

Give each group a copy of the one -circle 
diagram, page 80. If you are using an 
overhead projector, put your own 
transparency with one circle on the 
projector. 

This Is a one-circle diagram. We're going to 
play with Just one rule at a time today. When 
we Identify an object that fits the rule« put It 
inside your circle. When we find an object that 
doesn't fit, put it outside the circle so you can 
see which things don't fit the rtde. 

Depending on the things in your collections, 
a good beginning Mystery Rule may be 
ROUND. Start the students off by telling them 
one or two objects that go inside the circle 
and one or two that belong outside the circL 
(If you have an overhead projector, place the 
objects appropriately.) As objects that fit or 
don't fit are identified, have the small groups 
follow along, using their own collections and 
circle diagrams. (Even if you are using the 
overhead projector, students will have to look 
at their own collections, too, because not all 



Describing and recording data: 
Exploring the collections 

Give one "^thing collection" to each group of 
three students. Allow time for them to look 
through their materials. Encourage students 
to touch, look closely, count, sort, or use any 
other mode of exploration. Many groups will 
be able to manage their own exploration. For 
any group that needs help focusing, suggest 
one of the following: 

1 . After everyone has had a chance to look 
carefully at the materials, one student holds 
the collection in its container on his or her 
lap tout of sight) while the ott 'irs try to name 
as many objects in the collection as they can. 

2. With the collection in sight, play Twenty 
Questions" to guess which object one 
student has in mind. 

Students need about 5 minutes to explore 
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features will show up clearly on the overhead 
projection.) 



As students make guesses, challenge them to 
consider all the evidence, both negative and 
positive. Since students now have quite a lot 
of experience with the ''Guess My Rule" 
game, you no longer need to accept all 
conjectures as equally legitimate. Begin to 
ask students to give reasons for their ideas 
(see the Dialogue Box, Paying attention to the 
evidence, following, and the Teacher Note, 
Mathematical discussions: Challenging ideas, 
page 47), 

Play the game one more time, perhaps using 
METAL or PAPER as your rule. 

Describing ttie coliections: 
Small-group work 

students now play "Guess My Rule" in small 
groups, using the "thing collections" and the 
one-ctrcle diagrams. Circulate to help 
students clarify the rules they are using and 
to encourage them to find words that 
accurately describe their rule. ■ 
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^99DIAL0GUE BOX 

Paying attention 

to the evidence 

The teacher's Mystery Rule is THINGS THAT 
HA\nE A POINT, The students have already 
guessed that a pencil, a nail, a Jack, a paper 
clip, and a plastic stirrer do fit the rule and 
that all other objects in the collection do not 
fit. Students are trying to figure out what the 
rule is. 

EDDIE [waving his hand wildly]: I know, I 
know! 

What do you think, Eddie? 

EDDIE: It's METAL, things that are metal. 
What's your evidence for that? 

EDPIE: What? 

How can you prove to ua that the rule la 
THINGS THAT ARE METAL? 

EDDIE: Well, the nail and the Jack and the 
paperclip.,. 

JANE: It can't be METAL because... 

Wait, Jane, because I want to hear E^dle'a 
thinking about this. How were you thinking 
about H? 

EDDIE: Well, I was thinking the nail and the 
paper clip were metal . . . [Stops, looks 
uncomfortable.] 

Uh-huh. And do you want to revise your 



thinking at aU? 

EDDIE: Well, it can't be METAL because the 
pencil isn't metal, 

Ciood evidence. Does anyone else see evidence 
to support Eddie's conclusion that THINGS 
THAT ARE METAL can*t be the rule? 

JANE: And the plastic stick isn't metal, 

OK. My rule wasn't METAL. Any more ideas? 
This is a hard one. Tell me even If you had a 
good idea that you decided wasn't the rule. Did 
anyone have an Ides they decided didn't work? 

ELISABETH: Well, I was thinking LONG until 
someone guessed the Jack, and that's not 
long. 

So you really used that clue. If I take the Jack 
away, can anyone see a good reason why LONG 
still isn't til ^ rule? 

MARK: Yeah, the Popsicle stick isn't in the 
circle, and that's long. 

OK, so Mark used evidence from the things 
that don't fit my rule. Remember, that's 
important evidence. Who else is thinking 
about a rule that might work? 

Lena: It's, like, DIFFERENT SHAPES. 

Tell us how you're thinking that DIFFERENT 
SHAPES works? 

LENA: Well, like, the paper clip is like that 
[shows the shape inthe a^r] and the Jack is 
like a star. 

And what did you think about tht^ nail? 

(Dialogue Box coAtinued) 
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LENA: It's straight. 

Uh-huh. And did they all go together 
somehow? 

LENA: Yeah, they're, like, SR\PES. 
Klmara? 

KIMARA: Well, it can't be SH/a^ES bee duse the 
bead and the checker and the Popsicle stick 
are all shapes and they don't fit. 

Klmara thinks that SHAPES doesn't work 
because there are some shapes that don't fit 
my rule* Other Ideas? 

AMY: Not exactly LONG, but kind of LONG 
AND POINTY. 

How would LONG AND POINIT work for the 
things in the circle? 

^'^^In this discussion the teacher begins to 
require that students give good reasons for 
their ideas, rather than make unsubstan- 
tiated guesses. She has noticed that Eddie 



tends to guess quickly and impulsively, 
considering only one or two of the objects 
She is sure he can make a more reasoned 
guess if challenged to do so. Lena, on the 
other hand, seems genuinely confused about 
how to make a general statement about the 
objects. Her overly inclusive category of 
SHi^PES is a common approach used by 
primary grade students who are still 
developing an understanding of classifica- 
tion. Kimara's comment may help clarify why 
SHAPES dov*s not work, but Lena may not be 
ready to take in this explanation. She needs 
continued experience in classification 
activities. 

The teacher is careful not to challenge 
students only when she thinks they are 
••wrong*'; rather, she asks students to explain 
their thinking as often as possible, so that 
she communicates her interest in how they 
are thinking, not Just in getting the correct 
answer. ■ 




^TEACHER NOTE 

Making generalizations 
about a "tiling collection" 

Looking at a **thing collection** as a whole is a 
difficult task for many second and third 
graders. Students at this level are often more 
used to focusing on individual objects and 
individual characteristics. However, at this 
point in the unit, they have had some good 
experience in making generalizations about a 
group by focusing on one particular 
characteristic and ignoring others. For 
example, when they played "Guess My Rule" 
with the class, they described one group as 
WEARING BLUE and Ignored everything else 
that was difTereiit about the individuals in 
that group. 

Teachers have found that it is sometimes a 
bit hard to get the initial discussion going. 
Once students have heard a few examples, 
though, they quickly catch on to the idea of 
making general statements about the 
collection. For example, characteristics of the 
collections that students have noticed 
include: 

Some of it is little and some of it is big. 
Most of it isn't made out of paper. 
There are some things you can stir with. 
Somethings have spirals. 
They're not alive. 
Nothing is gold. 

You can see through some of the things. 
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Of course, the particular characteristics your 
students see may be different, depending on 
the objects in your collection. 

As students offer their generalizations, 
encourage them to clarify what they mean. 
For instance, one student's remark that "^ou 
can see through some things" prompted a 
discussion of what she meant by "see 
through/ As it turned out, she meant 
transparenU but some students pointed cut 
that they could *see through" a wooden bead 
in the collection because it had a hole in the 
middle. 

When another student suggested that •^most 
of it isn't made out of paper," the teacher 
asked her to clarify what she meant by 
"most." The students found that three 
objects (out of 20) were made of paper and 
agreed that, therefore, "most" objects were 
not paper. Another student suggested that 
-some are big and some are small," and the 
teacher asked everyone to talk about which 
objects they would call big or small and why. 

You will certainly have your own ideas about 
how you would describe the collection. 
However, it is more important that students 
clarify their own thli^king and express their 
own ideas precisely, than that they agree 
with your personal descriptions. ■ 



^TEACHER NOTE 

Mathematical discussions: 
Ciiallenging ideas 

One of the most important ideas in mathe- 
matics is that one's assertions should be 
subject to scrutiny and challenge. The his- 
tory of mathematics is the history of debate 
and discussion, yet we do not see much dis- 
cussion in most mathematics classes. 

In fact, many students are convinced that 
there is always one right answer and one 
"best" procedure in mathematics class. This 
idea often leads them to be nervous if their 
answei^s or strategies seem to conflict. But 
discussion about different strategies, differ- 
ent approaches, and different solutions lies 
at the heart of mathematics. Encouraging 
students to make assertions, to base their 
arguments on data, to state their reasons, 
and to ask others clarifying questions is a 
vital aspect of teaching mathematics. 

Challenging students' ideas is a delicate mat- 
ter, yet it can be a very effective way of 
probing to find out what your students are 
thinking and to help them clarify and extend 
their own Ideas. Many teachers find that the 
best way of examining students' ideas is to 
ask questions that invite them to explain 
their reasons: 

Say more about that. , . . Cai. you give mc an 
example? . . . How do the data v^ll you that? 



Another technique is to ask students to re- 
late their ideas to other students' ideas: 

Is this like Serena's idea? . . . Are your 
reasons the same as Eddie's? • • • Lynne's 
theory and Glenn*s are very different. Could 
they both work? What evidence that would 
help us know if either of these theories work? 

A third way teachers sometimes probe stu- 
dents' ideas is to give counter-examples or 
suggest thought experiments: 

Some other second [third] graders say that 
heavy things always sink. What would you tell 
them? • • • Do you think anything would 
change if we collected more data from other 
second graders? • • • Do you think if we did the 
same survey again today, the results would be 
the same as the one we did yesterday? 

You may have other techniques that work for 
you. Once ideas are flowing, you may find 
that the students themselves make many 
suggestions, ask each other probing ques- 
tions, and help to formulate ideas. Until 
then, however, it is important to keep dis- 
cussion alive. Researchers have found that 
simply waiting 3 seconds after asking a 
question gives students time to organize 
their thinking and to develop some of their 
ideas before answering. Three seconds seems 
like a very long time when you're used to 
much faster answers, but students need to 
feel that they have time to think. Hurrying 
them to an answer defeats the whole purpose 
of mathematical discussions. ■ 
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SESSION 2 ACTIVITIES 



More observation and description: 
Constructing rules for sorting 

Each small group picks a Mystery Rule 
about their "thing collection" to challenge the 
rest of the class in "Guess My Rule." Before 
making this challenge, each group writes 
down their rule and sorts their collection 
according to that rule. This process will help 
each group clearly define their rule. 

If you have an overhead projector, students 
enjoy using it with the one-ciiole trans- 
parency as the other groups follow along 
with their own collections. As in the previous 
session, challenge students to clarify and 
defend their conjectures. This investigation 
provides many opportunities for language 
experience and enriching vocabulary (see the 
Teacher Note: Using fancy words, page 49). 

As students try to guess each other's Mystery 
Rules, you will notice some of the difllculties 
inherent in describing a real-world collection 
with so many different attributes (see the 
Teacher Note. The challenge of fuzzy 
attributes, page 49). It is appiopriate for 
students to struggle with these difllculties; 
they are real problems that come up in 
describing real data. Continue to encourage 
students to refer to the characteristics of the 
objects for evidence. 

Alternative scheduling: Some students 
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have more trouble staying focused in the 
large group than in their small groups. For 
this game, you may want to cover only one or 
two Mystery Rules at a time, spacing the 
activity out over a day or two rather than 
hearing from all the small groups in one 
session. 

Extension: 

Double-rule "Guess My Rule" 

students can play "Guess My Rule" in their 
small groups, using two rules with the 
collections. Page 81 provides a Venn diagram 
with two overlapping circles for this game. 
Because the "thing collections." unlike the 
Yekttis. can be sorted in so many different 
ways, double-rule "Guess My Rule" with the 
collections can be quite challenging. As 
students play, help them keep in mind that 
one rule applies to Circle 1 . the second rule 
to Circle 2. and that objects in the intersec- 
tion are in both circles and. therefore, must 
fit both rules. The rule-maker should write 
down the two Mystery Rules on index cards 
or scraps of paper and place them facedown 
near the two circles before the game begins. 
This activity is excellent for small-group 
Independent work or for a learning center. 

Extension: Students' own collections 

Take a survey: What do you collect? You may 
be surprised how many students collect 
things. In one classroom of 18 students, 
there were 19 different collections! 



Students who have collections at home can 
bring them in to share, display them, write 
about them, sort them, and represent them. 
Students who don't have collections might be 
able to work with friends who do. 

Exiension: 

Making classroom collections 

Each pair or small group can create their 
own collection of objects based on a charac- 
teristic they choose. Students have chosen 
such attributes as THINGS MADE OUT OF 
METAL. THINGS THAT ARE RED. JUNK FOOD, 
and IHINGS YOU CANT BREAK. 

An alternative is to pick one or two attributes 
for which the whole class brings in objects. 
The attributes might relate to some other 
area of study— for example. THINGS THAT CAN 
BE PICKED UP BY A MAGNET, THINGS THAT 
USED TO BE ALIVE, THINGS THAT DONT COME 
FROM THE UNITED STATES, THINGS IHAT 
BIRDS WILL EAT. 

Even simple attributes can be interesting. 
One classroom brought in THINGS THAT ARE 
BLUE, and made a beautiful display of 
objects with an amazing range of blues Even 
here, definition and description were 
challenging: Do we all agree on what is blue? 
Does "blue" include "purple"? When doe • 
blue shade off into green? What are other 
words that describe some shade of blue? ■ 
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^TEACHER NOTE 

Using fancy words 

This investigation Is a particularly good one 
for Integrating language experience and 
vocabulary development into mathematics. 
As students struggle to describe the 
characteristics of their collections, they hear 
new words from other students, and you can 
find opportunities to Introduce other words 
that are appropriate to the conversation. 
Students lii the primary grades enjoy 
learning and using "fancy words" when they 
are embedded In some compelling experience 
rather than Isolated as vocabulary words to 
be memorized. 

For example, one student said that some 
objects were "Ilk'' glass." Once the teacher 
clarified what the student meant, she 
Introduced the word transparent into the 
conversation ( "Oh, you mean it's trans- 
parent you can see right through it?")— not 
insisting that students use this word, but 
simply adding it to the vocabulary they were 
hearing. Not surprisingly, many students 
began to use the word as they continued the 
investigation. 

A small group that chose "things that are 
halfway to a circle" (Including a paper clip 
and a Popsicle stick) expressed beautifully, 
using words they understood, the idea of 
"semicircular." The teacher acknowledged 
the atudents' definition by repeating their 
wording, and also offered them new 



vocabulary : "Oh, things that are halfway to a 
circle, I see exactly what you mean. There's a 
half circle— you can call it a semicircle— right 
here on the paper clip, and there are semi- 
circles on the ends of the Popsicle stick." 

Malleable, unbreakable, and opaque are 
other "fancy" words that have surfaced in 
classrooms during this investigation. ■ 




^TEACHER NOTE 

The challenge of fuzzy 
attributes: The teacher's role 

Work with the "thing collections" is quite 
different from work with the Yekttls. The 
"thing collections" provide experience with 
the real problems that arise in classifying 
data. As in many other real-world data sets, 
the number of different attributes of objects 
in the collections is almost limitless. Further, 
many of the attributes are "fuzzy," not as 
easy to define clearly as those of the Yekttls. 
There is no disagreement about whether a 
Yektti has one or two antennas, but there is 
much room for discussion about which 
objects In the collection are USEFUL or SMALL 
or LONG. For example, some of the rules 
students have Invented Include: 

things you can tie 

things that are halhvay to a circle [they have a 

semicircular part] 
things that are "up" 
things that have swirls 
things that are long 

All these rules lead to legitimate problems of 
definition and clarification. Such issues 
should not be simplified for the students, 
because these are exactly the ideas that can 
stimulate deeper thinking about classifi- 
cation. In particular, three issues often arise 
as students of this age work on sorting; 
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A category can be ''seeni'' but 1b very 
difficult to describe. For example, the 
students whose rule was THINGS THAT 
ARE UP used a birthday candle and a 
nail standing vertically, on their ends, to 
Illustrate their rule. They also chose a 
large wooden bead and a checker. A 
paper clip, paper price tag, and index 
card did not fit their rule. Their concept 
seemed to be something like •'objects 
with a discernible height." They had 
const iTicted a legitimate Tuzzy" charac- 
teristic, hard to define yet real. Other 
students seemed to know what they 
meant, too; one student, attempting to 
guess the rule, said They're pufiy.** It is 
very tempting to -help" students with 
such an idea by getting them to substi- 
tute a simpler rule, one that is not so 
hard to define (for example, leave out 
the bead and the checker and call the 
category TALL AND THIN). Instead, help 
students clarify their rule simply by 
asking them what does and does not 
belong in their category and why. 

Some descriptions require a basis for 
comparison. For example, the students 
who chose TOINGS THAT ARE LONG had 
not really thought about what they 
meant by this relative term. When they 
began to field other students' guesses, 
they found they could not really agree 
on \^ hich objects did and did not fit 
their rule. Although the situation is dif- 



ferent, the teacher's role is very similar 
to that described above: that is, ask 
students, before they challenge the rest 
of the class, to decide which objects fit 
their rule, which objects don't fit, and 
why. Challenge their choices and help 
them verbalize their reasons. 

Students at this age need a great deal of 
experience with the comparison implicit 
in measurement terms like long, heavy, 
big, far, tail, or warm. What dimension 
Is being considered? What is being com- 
pared to what? Even a measurement 
that seems exact may require further 
definition. One small group made their 
own collection of THINGS THAT ARE 
2 INCHES LONG. When they found that 
hardly anything was exactly that length, 
they decided that anything between 
1-1/2 and 2-1/2 inches was close 
enough. 

Different words can describe the 
same characteristic* The group whose 
rule was IHINGS THAT HAVE SWIRLS did 
not accept student guesses of 'things 
that are kind of like stall's, that are 
down and up, down and up** or "things 
that are zigzag." There was outraged 
protest when they announced their rule 
because other students felt they had 
already identified the categoiy in differ- 
ent words. The teacher helped both the 
student guessers and the student rule- 
makers explore whether or not their 



definitions were really different. In this 
case, the rule-makers presented a good 
case that while zigzags and stairs had 
comers, swirls (like on a birthday can- 
dle and a screw) were curvy. In such a 
case, the teacher must, on the one 
hand, encourage the clarification of real 
differences in definition and, on the 
other hand, discourage students from 
being too rigid about guesses. If other 
students have guessed the concept and 
have accurately described the character- 
istics of the category, the exact word 
should not be at issue. ■ 
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SESSION 3 AND 4 ACTIVITIES 

This part of the investigation requires two 
class sessions* which can be split up in 
different ways. The sink and float experiment 
itself requires 20-25 minutes. If you have 
only 45 minutes, you could use Session 3 for 
the experiment, clean-up, and a class dis- 
cussion about what students found out. 
Then, students can represent and write 
about the data in Session 4. 

If you can devote an hour to the first of the 
two sessions, students can begin drawing 
and writing in Session 3, then finish this 
work and have a whole-class discussion in 
Session 4. The advantage of this second 
sequence is that students begin writing and 
recording right after their experimenting. 

Collecting and recording data: 
Wliat floats? Wliatsinlcs? 

Today we*re going to collect tome data about 
your "thing collections** by doing an experi- 
ment. This time. we*re going to try to find out 
something about these objects that you may 
not be able to tell Just by looking at them. 

Your Job today is to find out which of these 
sink and which float. Find out as much as you 
can about each object. Does It always sink? 
Does it always float? Does anything else 
happen to It? 



Each group of two or three students needs a 
•thing collection,** a basin of water, and the 
recording sheet you have prepared. If your 
students are not used to water activities, you 
may want to establish some guidelines (e.g., 
no splashing). However, since this activity is 
usually quite absorbing for students of this 
age, it is best to tolerate a bit of spillage- 
some water is bound to get on the surround- 
ing surfaces — as long as the activity remains 
productive. 

Ask students to test the objects carefully, 
one at a time, and vTite down what they find 
out for each object on the recording sheet. 
Their notes can be rough— for example, some 
students write Fand S for Jloat and s(nk— 
but should include as much information as 
possible. 

As you circulate In the classroom during this 
experiment, encourage students to move 
beyond the simple categories of FLOAT and 
SINK as they find out more about the objects. 
For example, sometimes students notice that 
certain objects (such as an index card) will 
float for a while and then sink; others (such 
as a paper cup) will sometimes float and 
sometimes sink, depending on how they are 
placed In the water. Depending on what you 
have in the collections, some objects may get 
soggy or disintegrate when left In the water. 
Many students will notice other characteris- 
tics as well. 



Organizing tlie data: Inventing 
representations 

When ftcientistt do an experiment, they need 
to communicate to other people what they 
found out from the experiment. Often they use 
graphs and pictures to show what happened* 

Por the experiment you Just did, each group Is 
going to invent some pictures or graphs that 
will show other people what you found out that 
was interesting and important^ Most of you 
found out which objects float and which sink, 
and some of you found out some other things, 
too. Use your list to help you think about what 
you found out about the objects In your 
collection. 

Each group needs to decide how they want to 
show their data. As in the earlier investiga- 
tion. Sorting people: Who Jits my rule?. 
encourage each group to use more than one 
way of showing what they found. Different 
students in the same group can make 
different representations of their findings. 
Emphasize the value of looking at the data in 
more than one way (see the Teacher Note. 
Inventing pictures of the data, page 54). 

When students have ideas that lead beyond 
the original two categories of FLOAT and 
SINK, encourage them to create and name 
additional categories for their graphs or 
pictures. This process of deciding what 
categories are needed to convey the best 
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ixifonnatlon about the data is one of the key 
Ideas in this unit (see the Teacher Note. 
Constructing your own categories, page 55). 

IntBrpmtIng the data and developing 
theorteis: why do some things sink 
and some things float? 

A class discussion focused on why some 
things sunk and othera floated is a good way 
to bring this Investigation to an end. 
Students will probably have begun talking 
about their theories during their small-group 
work. The object of this discussion is not for 
your second or third graders to completely 
grasp the reasons for objects' sinking and 
floating, but ratner for them to develop and 
test their own ideas by referring to the 
evidence they have collected. As In their work 
with "Guess My Rule," they will need to pay 
attention to both positive and negative 
evidence. For example, if one theoiy is that 
heavier things sink,, then this theoiy can be 
tested through positive examples (Do heavy 
things sink?) and through negative ones (Do 
light things not sink?). See the Dialogue Box, 
Second graders' theories about stnkb^ and 
Jloattng, for excerpts from the concluding 
discussion in one classroom (page 53). 

Publishing results 

After the class discussion, ask each student 
to write a few sentences describing the 
results of their experiment: or, as part of 
your language experience work, meet with 
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each small group and ask them to dictate to 
you what was most Interesting or surprising 
about their work with sinking and floating. 

This investigation gives students an 
opportunity to "publish" the results of their 
data collection and analysis. Publishing is 
one of the phases in the data anafysis 
process. Just as in the writing process (see 
the Teacher Note, Phases qf data analysis: 
Learning Jrom the process approach to 
writing, page 75). For students at this age 
level, it is usualty not particularly useful to 
have each group show their graphs and 
report to the rest of the class. Students' oral 
reports rarely reflect the quality of the 
thinking that has gone into their work, and it 
is hard for the class to be attentive through a 
series of seven or eight similar reports. 
However, it can be very effective to publish 
students' writing and their representations 
as an attractive bulletin board display, or as 
a book for tlie class lil)raiy. 



Extension: More science experiments 

A wonderful task for a second sink-and-float 
session comes from the Elementary Science 
Study unit on sinking and floating (see the 
note on page 41): Take one of the things that 
floats and find a way to make it sink; then 
take one of the things that sinks and find a 
way to make it float. 

What other properties of the "thing collec- 
tions" can be discovered through experimen- 
tation, observation, and recording? You may 
have some ideas that fit with your science 
curriculum, and students can also brain- 
storm their own ideas for experimentation. A 
sequence similar to the one suggested for 
these sessions on sinking and floating can 
be followed to explore such questions as: 
Which objects are heavy and which are light? 
Which objects are attracted to a magnet? 
Which objects conduct electricity? ■ 
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^^DIALOGUE BOX 
Second graders' theories about 
sinking and floating 

Do you have any Ideas now about why some 
things sink and aooe things float? Did any- 
thing surprise you? Did some things you 
thought would sink float and some things you 
thought would float sink? 

PAUL: Anything with an air pocket or plastic 
or foam will float. 

JESSICA: The screw does sink because it was 
heavy t it was made out of metal. 

So, we have two Ideas, one reason why some 
things floated and one reason why something 
sank* 

SERENA: Because heavy stuff sinks and light 
stuff floats. 

What does she mean by heavy? 

CARLOS: It sinks to the ground, heavy. 

LENA: You CKii feel it. 

SEAN: I dont agree about heavy things 
sinking. 

Why not, Sean? 

SEAN: Not all stuff that's heavy sinks cause 
the plastic box, we put that in, and it didn't 
sink. 

ELISABETH: Yeah, and we even put things in 
It. We put in the screw, and it still didn't 
sink! 



Can anyone else think of any evidence about 
this? Do light things float and heavy things 
sink? 

EDDIE: I don't sink. I can float on the water 
and stay up. 

AMY: Once I was In a big pond and I picked 
up a rock and it made me sink. 

Can you think of anything else heavy, not 
something In the classroom, that floats? 

DENNIS: A boat. 

JANE: A boat can sink or float. 

A boat sinks? 

JANE: If there's a hole in it, there's a 
shipwreck. 

KATIE: The water goes into it and pushes it 
down. 

So the water can push It down? Hmmm. So 
what are you all thinking now about whether 
heavy things sink and light things float? 

BILLY: It doesn't matter how heavy or light it 
is. 

GLENN: Because a heavy thing might be able 
to swim or lay on the water. 

And are there any light things that sank when 
you tried them? 

TONY: Yeah, the paper clip sank. 

CHRISTINA: And the index card. The water 
went over it and pushed it down. 

Any other Ideas about why some of the things 
you tried sank and why some things floated? 



MAYA: Because of the water skin. 
The water skin? 

MAYA Like the plastic stick, ihe stirrer. 
Sometimes it floated if you put it down real 
carefully because the water skin holds it up, 
and if you push it under the water, it will 
Just sink. 

So sometimes something floated because the 
water skin held It up? Who has another one 
that floated and can tell us a reason— the same 
one as Maya's or a different one--*why they 
think It floated? 

LYNNE: The plastic container because of the 
air. If it has air in it, it floats. But if it 
doesn't have air in it, it cant float. 

TONY: And the Styrofoam ball. It has more 
air in it than the screw or the paper clip, so 
it floats. 

That Is like what Paul said at the beginning 
about an air pocket. Are there other things you 
can think of that have air In them? ■ 
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^TEACHER NOTE 
InvenUng pictures of the data 

When students invent their own individual 
ways of representing their data, they often 
come up with wonderful pictures or graphs 
that powerfully communicate the meaning of 
the data. While many commonly used 
representations, such as bar graphs, tables, 
line plots, and tallies, should gradually 
become familiar to students (see the Teacher 
Note, Sketching data, page 24), we want to 
encourage students to use tlieir own 
Inventiveness and creativity to develop 
pictures and graphs as well. In this way, 
students make the data their own. 
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In the ongoing histoiy of visual representa- 
tion of data, many unusual fonns of graphs 
and diagrams have been developed. Some of 
the most striking graphs were devised by a 
statistician or scientist to represent a single, 
unusual data set in a new way. Even now, 
new standard forms are taking their place in 
the statistician's repertoire beside the more 
familiar bar graph or histogram. 

So, while we do want students to use and 
interpret standard forms of graphs, we also 
want them to learn that, like other mathe- 
maticians and scientists, they can picture 
data in their own, individual ways. These 
pictures or diagrams or graphs are tools in 
the data analysis process. Through con- 



structing their own representations, students 
can become more familiar with the data, 
understand the data better, begin to develop 
theories about the data, and, if they are 
going to "publish" their findings, communi- 
cate what they know about the data to an 
audience. 

Shown on this page are some of the ways 
second and third graders have represented 
their findings from the sink and float 
experiment. None of these exactly follow a 
standard graph or table fonn, but all show 
the data clearly and effectively. ■ 
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^TEACHER NOTE 

Constructing your own 
categories 

One key element In picturing categorical data 
is deciding on the categories themselves. Too 
often, data collection and representation in 
the primary classroom are tie i to predeter- 
mined categories. That Is, tiic categories are 
defined before the data are collected. In one 
classroom, for example, some students 
decided to do a survey about favorite foods. 
Anticipating the difficulties students would 
have in organizing the wide variety of 
answers they were likely to get, the teacher 
suggested that they limit their survey to five 
predetermined choices. The students chose 
five foods— pizza, ice cream, peanut butter, 
potato chips, and spaghetti. While this step 
certainly simplified their task, it also 
obscured the richness and diversity they 
might have seen in their results. Unfortu- 
nately, the students also lost some of their 
initial enthusiasm at this point in the pro- 
cess; this more limited survey was much 
less interesting to them than their original 
idea. 

The sink-and-float experiment demonstrates 
that important categories may not be known 
ahead of time, before data collection and 
analysis. As students experiment and learn 
more about their data, some realize that SINK 
and FLOAT alone do not adequately describe 
all the phenomena they are encountering. 
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Here is a part of a discussion in one small 
group: 

MAYA: The paper disintegrated. It was 
crumpled up and it broke up into little 
pieces. 

GLENN: The paper drowned. 

CHRISTINA: The nail drowned and the pipe 
cleaner sinks . . . 

GLENN: But the plastic stick is halfway, the 
stick part goes down and the top stays up. 

MAYA: But it never goes all the way down, 
it's not like the nail. 

CHRISTINA: And the paper cup, it sinks and 
floats and gets softer. 

[Coming by the group as she circulates, the 
teacher hears the last remark.] 

How could it sink and float? 

CHRISTINA: First it floats, then it sinks when 
the water goes in, and it sinks and gets 
softer. 

MAYA: But you can make it just float if you 
put it down so the water doesn't go in. 

GLENN: If things sink, we're going to put a 
column with S, and one with Fiorjloats. 

MAYA: And we need one for sink and float, S 
ondF. 

CHRISTINA But don't Count the things that 
float and get soft and sink. If it gets soft and 
sinks— we need a whole new column for 
that. 



This group actually ended up with five 
columns: (1) sink, {2)Jloat, (3) sink and Jloat, 
i4)Jloated, got sojl sunk, and (5) sunk, got 
soft. Other groups Invent their own versions 
of these and other categories: sinks quickly, 
sinks slowly, sinks thenfloats, sometimes 
sinks, sometimes floats, floats if put down 
softly. 

Only through observing, recording, and 
thinking about the data can students con- 
struct truly meaningful categories that 
provide Important information about their 
results. This process encourages even young 
children to begin to make their own observa- 
tions and draw their own conclusions. They 
encounter an important idea about data 
analysis — ^that different observers may see 
the data in different ways, and that each 
observer has the chance to contribute a new 
and Interesting idea through a difi"erent way 
of seeing and describing. ■ 
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Sorting: Groups and Graphs 



PART 3 

Projects in data analysis 
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A note on the final projects 



Part 3 of Sorting: Groups and Graphs 
Includes two investigations. 

The first investigation. Animals in the 
neighborhood, provides further experience in 
developing categories and sorting data. Note 
that the first session of the Animals 
investigation is part of the core activities of 
the unit. Optional Sessions 2 and 3 can be 
done to turn the investigation into a 
complete end-of-unit project, if you want to 
substitute a more extended Animals 
investigation for the suggested final project, 
Investigating scary things. 

The second investigation, Invest^ating scary 
things, is the final project for the unit. In this 
investigation students collect data about 
what they are afraid of and compare their 
own data to information collected from 
adults about their fears when they were 
children. The Scary things investigation has 



been used successfully by teachers in a 
variety of schools, including urban, 
suburban, and rural settings. Second and 
third graders are engaged by the topic, can 
draw on their own experiences, and are eager 
to collect data from others. Because students 
collect data from their parents, it also 
provides connections between home and 
school and opportunities for satisfying 
parent-child interactions. 

Inevitably, any discussion of "scary things" 
taps into children's deepesi ie.^ lings and 
concerns. It is critical that all students be 
able to participate freely and that none of 
their ideas be rejected as inappropriate for 
the classroom. If in your particular situation 
there are reasons that you prefer not to 
undertake this topic, we suggest that you 
use only the extended version of Animals in 
the Neighborhood (Sessions 1-3) as the final 
data analysis project. ■ 
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ANIMALS IN THE NEIGHBORHOOD 



INVESTIGATION OVERVIEW 




What happens 

In this investigation students bralnstonn a 
list of animals living In their neighborhood. 
Small groups work to categorize the animals 
according to how they move tV. swim, walk, 
hop. and so on) and to construct a group 
graph showing the neighborhood animals in 
those categories. 

The second and third sessions are optional. 
In these sessions, each small group devises a 
new question about neighborhood animals, 
sorts the animals into categories to answer 
this question, and creates a presentation 
graph to show how they have sorted their 
data. Use these sessions if you want to 
extend this investigation because your 
students are Interested in the topic, because 
it fits with your science curriculum, or 
because you intend to use this as a final 
project in place of Investtgattng scary things. 



If you decide to use these optional sessions 
for the final project, read the Teacher Note. 
Phases of data analysis: Learning from the 
process approach to writtr^ (page 75). 

Session 1 requires one class session of 45-50 
minutes. Sessions 2 and 3 (optional) require 
two class sessions cf 45-50 minutes each. 

What to plan ahead of time 

^ Provide stick-on notes (such as Post-it 
notes) or index cards, about 40 for each 
small group (Sessions 1 and 2). 

'Y Provide markers, pens, or pencils for 
each small group (Session 1). 

^ If you plan to do Sessions 2 and 3. save 
each group's cards or notes with the 
animal names written on them for use 
In the later sessions. 



▼ Provide materials for making presenta- 
tion graphs, including a variety of kinds 
of paper, markers, crayons, colored 
pencils, stick-on dots, and so forth 
(Sessions 2 and 3). 

Important mathematical Ideas 

Constructing categories to describe the 

data. Students construct their own 
categories to describe how animals in the 
neighborhood move. At first, students will 
probably start off with a few categories, such 
as walk, fly, and swtr.^ But as they arrange 
and rearrange their data, they will see the 
need for changing, adding, or refining their 
categories to accommodate new aspects of 
the data that they have noticed. 

Constructing and refining dear 
definitions. As students think carefully 
about the similarities and differences among 



ERIC 



Animals In the nelghbuhood 59 

110 



the neighborhood animals, they will 
encounter dliRculties, confusions, and 
outright disagreements about how to sort 
them. Through discussion, students sharpen 
their definition of each category and decide 
how each category differs from the others 
(see t?ie Dialogue Box, Does a spider u>alk?i. 
The students* earlier work on the importance 
of negative information in sorting takes on 
new relevance in this process of clarifying 
category definitions. That Is, in order for a 
category to be meaningful, it must include 
some things and exclude others. ■ 
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SESSION 1 ACTIVITIES 



decide whether they want to include pets or 
Just animals found in their natural habitat. 



Considering f/ie problem: Wliat animals 
live in our neiglihorhood? 

Remind the students that they have been 
working on v^ays of collecting and sorting 
infonnation. 

Today we'll be collecting data by thinking 
about what we already know about the animals 
that live In our neighborhood. 

Suppose you went on a walk near your house 
or around the school* It could be today or It 
could be some other time of year. What 
animals have you ever seen that live in your 
neighborhood? Some animals are easy to see 
and some are hard to see* We'll have a minute 
of quiet while you close your eyes. Think 
careftdly about all the places near your house 
or near the school or places where you play, 
and about any animal you have ever seen* Try 
to picture different places you go and what 
animals you've seen there* 

After some thinking time, invite the students 
to name the animals they have thought of. 
List the animals on the board or on chart 
p^aper as students name them. They will be 
copying these names later, so make the 
words large and legible. Be sure to give 
students enough time to think carefully 
about different seasons of the year and 
animals that might be dlfTlcult to find or 
hard to see (worms, fleas). The students can 



There may be some animals your students 
have seen whose names they don't know. 
Find some way to identify them — maybe 
other students know what they are called, or 
you can make up a name for them (silver 
bathtub bug, little yellow bird). 

Be prepared for a fairly long list to emerge in 
about 10 minutes of brainstorming (see the 
Teacher Note, Animals in the neighborhood. 
page 63). 

Considering r/ie problem: How do these 
animals move? 

Do you remember how you made categories to 
show the results of your slnk-and-float 
experiments? When scientists study animals, 
they sort them Into different groups to help 
them think about how different animals are 
related to each othei^how they're alike and 
how they're different. Today we're going to 
think about our neighborhood animals and 
make up categories for how they moye. Who 
can tell me something about how one of these 
animals moves around? 

Keep this discussion brief; smaU groups will 
be exploring the question further. For this 
introductory discussion, students might take 
turns imitating one animal's movement while 
other students guess which animal it Is. 

Write on the board a few of the words that 
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come up in this discussion, for example: 
walks. Jlies. crawls, swims, hops. 

Here are some of the words I heard you use. In 
your small groups, you are going to sort these 
animals Into categories to show how they 
move. You can use some of these words, but 
you don*t have to use all of thenu You might 
think of your own categories that are different 
from these. Remember that In our slnk-and- 
float experiment, different groups thought of 
different categories? Maya's group had a 
category called **slnks, then floats;** Glenn's 
group had categories called '^slnks quickly** 
and ''sinks slowly. Lynne's group had a 
category called ''floats If put down softly.** I 
expect that you*U think of different categories 
this time, too. Your group will decide together 
on your categories. 

Recording and organizing data: Smaii 
group work on graphs 

You'll need to have all the animals, so. In your 
groups, I want you to quickly copy the 
animals* names from the board onto these 
cards. You'll put one name on each card. If you 
all work together. It won't take too long to 
copy the names. When you have all the 
animals, then you can start putting them 
together and naming your categories for how 
they move. 

Assign the students to small working groups 
of three or four. Each group needs index 
cards or stick-on notes and a lai^ge surface 



on which to work (a section of the chalk- 
board, a table, the floor). 

In their groups, students will copy the names 
of the animals onto index cards or stick-on 
notes, decide on categories that describe how 
the animals move, and create a graph or 
picture that shows which animals fit into 
each category. While copying the names may 
seem like a large task, second graders have 
been able to handle it quickly when all the 
group members work on it. 

As you move about the classroom, encourage 
students to arrange and rearrange their 
animals into groups. Some students will 
prefer to find animals that "go together" first 
and to decide what to name the categories 
only after they have grouped their animals. 
Oth tudents may start out with certain 
cate^ lies in mind. Help these students to be 
flexible in finding new categories and 
modifying or changing their old categories if 
some animals do not fit their initial scheme. 

Ask students to be as clear as they can 
about the definitions for their categories, but 
expect them to classify the animals in ways 
that adults might not. Encourage students to 
sort the animals in whatever ways make 
sense to them, and to articulate why they are 
putting certain animals into certain 
categories. It's important that the students 
discuss their reasoning with one another as 
much as they can. Students may not always 
agree, but should be encouraged to resolve 



differences by clarifying the definitions of 
cheir categories (see the Dialogue Box, Does 
a spider walk?, page 62). 

The discussion of categories might be very 
animated. At this point in the unit, many 
students should be able to sustalr their own 
small-group discussions. 

As students make their decisions, they group 
the index cards or stick-on notes in bar 
graphs, clusters, or whatei'er arrangement 
they think of (see the Teacher Note, Animals 
in the neighborhood page 63). These graphs 
need not be permanent. If the students are 
using stick-on notes, they can move the 
notes to a large piece of paper once they are 
satisfied with their arrangement. 

If you plan to extend this investigation, save 
the index cards or notes for use in the next 
session. 

Summary (optionai) 

You may want to have students spend time 
looking at each others' graphs or have a brief 
whole-class discussion in which the groups 
report what categories they chose and why. 
Possible questions to discuss are: Do most of 
the animals in our neighborhood fly, walk, 
crawl? Are there any categories in which we 
have no animals or very few? Why is that? 
However, if good discussions have taken 
place during the small -group work, 
additional discussion at this point is not 
necessaiy. ■ 
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^^DIALOGUE BOX 

Does a spider walk? 

SAM: IVe got one for FLIES. 

CARLOS: What are you going to put in it? 

SAM: Grasshopper. 

CARLOS: It doesn't fly though. 

JESSICA: It doesn't crawl and it doesn't walk. 

CARLOS: It can walk. 

ROSA: It hops. 

CARLOS: No, it jumps. 

SAM: Yeah. Jumps. 

CARLOS: Put Jump. Let's make a card for 
JUMP, 

ROSA: And rabbit goes in JUMP, too, and 
frog. 

JESSICA: What about spider? 

CARLOS: It walks. It has legs. 

SAM: No. WALK isn't right. It's not like a dog 
or something. It can go up the walls and 
upside down on the celling. It climbs. 

ROSA: Let's make one for CLIMBS. 

SAM: Then I think raccoon goes there, too. It 
climbs up trees. 

JESSICA [startir^ to move other cards into 
CLIMBS): Squirrels can go up trees, and cats 
can, too. 
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CARLOS: But you're taking everything out of 
WALKS. This is too complicated. I don't think 
we should put CLIMB. 

[The teacher stops in, overhearing (tie last 
exchange.] 

You don't think you should use CLIMB? 

CARLOS: No, Jessica's taking everything out 
of WALKS. 

JESSICA: I am not. 

What started you thinking about CLIMB as a 
category? 

SAM: The spider, because it can go on the 
ceiling. 

Uh'huh. So that wasn't the same as an animal 
that walks? 

SAM: Yeah, cause, like, I walk, but I can't go 
upside down. 

And what did you think, Carlos? 

CARLOS: Well, then Jessica was going to put 
squirrel and cat and everything, but a cat 
doesn't climb all the time. 

So you think a spider and a cat are really 
different in the way they get around? 

CARLOS: Yeah. 

What do the rest of you think about that? Are 
a spider and a cat the same or different? 

ROSA: Well, I guess they're different. I mean 
they kind of both walk, but a spider sticks 
on with its feet. 



Can anything else you have here do that? 

JESSICA: Urn . . . well, a fly can. It can crawl 
around anywhere. 

SAM: Yeah, and a cockroach. 

CARLOS: Yuck. 

Well, it seems to me you have an Important 
idea here. You're really thinking about the 
differences between things that can walk only 
on the floor or the ground and things that can 
walk anywhere. 

[The teacher moves on to another group.] 

ROSA- So let's put CLIMBS, but we'll just put 
things that can go anywhere, so squirrels 
and cats stay in WALK. 

CARLOS: OK. 



In this discussion, the teacher inter- 
venes to help students articulate and clarify 
the ideas that are emerging. Once she helps 
the students think a little harder about the 
differences between ^valklng- and "climb- 
ing,- she points out that they are doing 
interesting thinking ("you have an important 
idea here'*), but does not resolve the 
discussion for them. ■ 



^TEACHER NOTE 
Animals in the neighborhood 

Let students experiment with different 
arrangements for their categories. Here is a 
partial list of animals generated by a second 
grade class in an urban school (including 



pets): 






dog 


little bird 


grasshopper 


cardinal 


bee 


crow 


mosquito 


rat 


ladybug 


butterfly 


worm 


squirrel 


mouse 


raccoon 


frog 


turtle 


blue jay 


cockroach 


cat 


spider 


ant 


fly 


rabbit 


pigeon 



students set up a variety of categories and 
arrangements, such as those shown here. 
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SESSION 2 AND 3 ACTIVITIES 
(OPTIONAL) 



Considering the problem: How else 
could we sort the neighborhood 
animals? 

Today, you*re going to work In your ftmall 
groups again to ahow aomething about the 
neighborhood anlmalai but thla time your 
group is going to decide on what to ahow. Last 
time we aorted the anlmala to answer the 
queation, **How do theae anlmala moTe?** But 
there are many other queatlona we could aak 
about theae anlmala. Can you think of other 
queatlona? 

Accept ideas from students for 5-10 minutes. 
You may need to start off the discussion with 
a few sample questions, such as: Where do 
the animals live? What do they eat? How big 
are they? Are they fierce or gentle? What 
kinds of sounds do they make? In which 
seasons of the year can we find them? Which 
animals are domesticated, which are wild? 



Organizing the data: Constructing 
new categories 

students work in their small groups. They 
first decide on what question they will ask. 
then use their index cards or stlck-ons 
(saved from the previous session) to arrange 
and rearrange their data as they decide on 
categories. Note that students could look at 
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an attribute such as size, even If they do not 
know exact measurements, by defining 
categories such as SMALL, MEDIUM, and BIG, 
or SMALLER THAN A MOUSE, AS BIG AS A 
MOUSE, and BIGGER THAN A MOUSE. 
Students may not want to include all the 
animals from the previous session's list, or 
they may want to add new anlmpls. 

Collecting more data: 
Using resources (optional) 

During this proceeds, questions are bound to 
arise. Students will find they are not sure or 
disagree about how to classify some of the 
animals. Tell each group to record their 
unanswered questions, for example: Are 
raccoons fierce or gentle? Is a mouse bigger 
or smaller than 6 Inches? What does a crow 
eat? Can a squirrel sometimes be a pet? Help 
students do their own research to find 
answers to these questions through one or 
more of the following: 

Take a class trip to the school or public 
library so that students can look at the 
available books about animals. 

Set up a library comer In the classroom 
with books and magazines that have 
Information about local animals. 
(Ranger Rick, a monthly magazine for 
children published by the National 
Wildlife Federation, is one good source). 

1^ Invite a speaker from a local science 
museum, wildlife refuge, or branch of 
the Audubon society to answer students' 



queotlons about local animals. Such a 
speaker may also be able o provide 
Information on other animals that live In 
the vicinity but are not often seen. 

Organizing tfie data: Maldng a 
presentation graph 

Once the students have developed their cate- 
gories and have sorted the data, each group 
will Jointly make a more permanent presen- 
tation graph that shows their question, their 
categories, and how they have sorted the 
animals into the categories. Some groups 
might simply paste the index cards or stick- 
ons they have been using onto a large piece 
of paper; others may want to draw their 
graph rather than using the cards. Encour- 
age students to decide on their own way of 
representing the data. Some may want to 
Include pictures of the animals. Students 
can begin work on the graph in Session 2 
and devote all of Session 3 to finishing it. 

Extension: Collecting more data 

If possible, take a class walk around the 
neighborhood and record all the animals that 
you see. This is a good opportunity for 
students to practice being careful observers. 
You might assign pairs of students to watch 
for particular kinds of animals; for example, 
some pairs might focus on animals that can 
be seen above our heads (birds, squirrels), 
other pairs on animals that can be seen on 
the ground (ants, dogs). 
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This activity could be done several times 
during the school year. Keep the graphs so 
that you can use them to compare animal 
populations In different seasons. What 
animals do you find In the fall, winter, 
spring? Are there more flying animals in 
the spring? Are there fewer animals that 
walk on the ground in the winter, or are they 
just harder to see? How many of each type of 
animal do you see during a week? Collecting 
and recording data about neighborhood 
animals can be Integrated into a science 
curriculum that focuses on changing 
seasons, animal lives, or interdependent 
relationships In the environment. 

Invite a grandparent who has lived in the 
local area since childhood to speak to the 
class. What changes have there been in 
animal life? 

These activities can lead to new projects and 
new ways to sort the animals. Depending on 
the community, students may have little 
detailed knowledge about the animals that 
live in their area. One urban third grade, for 
example, decided to study types of spiders. 
They took walks to find spiders, brought 
spiders into the classroom (temporarily) for 
observation, drew pictures, wrote descrip- 
tions, and read books about spiders. In the 
process, many students (and their teacher) 
overcame their squeamish reaction to 
spiders! For data analysis activities, they 
sorted spiders according to which ones live 
outside and which inside, as well as by the 
types of webs they constiuct. ■ 
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What happens 

This Investigation provides a more extended 
problem In data analysis and classification 
on the topic of "^scaiy things/ After reading 
aloud books about soaiy things and dis- 
cussing what children are afraid of» students 
draw pictures of their -most scary things** 
and try to group them into categories. The 
class develops a giant bar graph using the 
categories they have developed. 

Finally, students carry out a survey of adults 
they know to find out what frightened them 
when they were children. They classify the 
adult data, make graphs or pictures of these 
results, and compare the adult data with 
their own. 

The activities take five class sessions of 
30-45 minutes each. 



What to plan ahead of time 

Select one or two age-appropriate 

picture books about children's fears to 

read aloud to the class (Session 1). 

Possible titles include: 

There's a Nightmare in My CloseU Mercer 

Mayer (Dial Books for Young Readers, 

1968); 

I Hear a Noise, Diane Goode (E. P. 
Dutton, 1988); 

Wrtol's Under My Bed?, James 

St wenson (Greenwillow Books, 1983), 

^ Provide large (5- by 8-lnch) index cards 
(or substitute half a sheet of drawing 
paper). You will need at least one for 
each student and some extras for 
students who want to make more than 
one picture or who need to start again 
(Session 2). 



W Have masking tape or thumbtacks 
handy for attaching students' cards to 
the chalkboard or bulletin board 
(Session 2). Also suitable for this 
purpose is a glue stick with a removable 
adhesive (such as Dennlson's Tack-a- 
Notp), which lets you fasten pieces of 
paper temporarily to the chalkboard, 
converting them to removable notes. 

Y Duplicate Student Sheet 1 (page 79), a 
survey sheet that students can use for 
collecting data from adults (optional. 
Session 2). 

Y Students will need time to collect data 
from their parents or other adults 
l)etween Sessions 2 and 3. 

Y After students have collected their 
survey data, prepare a set of index cards 
listing the adult fears, one per card, for 
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each small group (Session 4). Alterna- 
tively, write the adult fears on a sheet 
that can be cut apart and provide 
scissors. (Students need to have each 
adult -scary thing** written on a single 
card or piece of paper that can be moved 
around for grouping purposes.) 

^ Provide materials for making presenta- 
tion pictures and graphs, Including 
large plain and squared paper, crayons 
or markers, Index cards (Sessions 4 
and 5). Second and third graders enjoy 
making large pictures or graphs on 
chait paper (see the Teacher Note, Is it a 
picture or a graph?, page 76). If possible, 
provide a variety of sizes, from 1 1- by 
17-lnch drawing paper to 27- by 32 -inch 
chart paper, both plain and squared. 

Important mathematical Ideas 

Collecting and recording survey data. For 

the first time In this unit, students will be 
collecting and recording data outside the 
classroom. Spend some time helping 
students plan how they wili ask their 
question. Emphasize the Importance of 
writing down people's answers accurately. 

Constructing your own categories to 
describe the data. Students determine their 
own categories to describe how their own 
and, later, the adults' "scary things'* can be 
grouped. In this Investigation, the categories 
help them organize the two sets of data so 
that they can make some comparisovAS. As in 
the sink-and-float experiment, students will 
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find that there are different ways to look at a 
set of data which lead to different 
approaches to classifying the data. 

Comparing two data sets. Throughout this 
unit, students have been looking carefully at 
similarities and difTerences. In this final 
investigation, the process is expanded as 
students compare one whole set of data 
(students' own "scary things'*) to another set 
of data (what adults thought were "scary 
things'* when they were children). Support 
students In making general statements 
about the two sets of data and ask them to 
Interpret what they notice: What Is the 
same? What is dlfiferent? Why might this be 
tme? 

Experiencing all the phases of the data 
analysis process. A sustained investigation 
like this one Is somewhat different from the 
shorter-term Investigations done earlier in 
this unit. Here students have time to collect, 
think about, categorize, display, compare, 
and Interpret data. See the Teacher Note, 
Phases of data analysis: Learning from the 
process approach to writing, for a description 
o'* more extended investigations. 

Making prestntation graphs and reporting 
on data analysis activities. This is a chance 
for your students to review what they have 
done In the investigation and to write about 
their process and their findings. Many 
students find writing about a mathematical 
experience to be very challenging and 
satisfying. Writing about mathematics needs 
to be encouraged, since it provides both an 



avenue for creative expression and a way to 
express mathematical concepts in ''plain 
language.** Some students find it ea^ to 
write about their presentation graphs; others 
find it difficult. The reports or summaries 
can be fairly short, but should contain 
thoughtful treatment of both the mathe- 
matical content and the interpretation of 
their data. ■ 
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SESSION 1 ACTIVITIES 

Considering the problem: Introduction 
and reading aloud 

We are going to be doing a study about things 
people are scared of— what children are scare I 
of» and what adults were scared of when the j 
were children. To help you start thinking 
about scary things. I am going to read a book 
about one child's idea of what's scary. 

Read aloud one or two picture books about 
children's fears. Since the pictures are 
Important, be sure to show them as you 
read. 

Considering the problem: What are 
children scared of? 

Ask students to talk about what things they 
or other children they kr^ow are scared of. To 
make this discussion a little less personal, 
some good discussion starters are: What 
were you scared of when you were Ittde? 
What are children yow age scared of? What 
are people you know scared of? By putting 
the questions this way, students do not have 
to admit that they are scared ol anything! No 
matter how you phrase the question, 
students are likely to bring in lots of stories 
about themselves, their friends, or people in 
their family (see the Dialogue Box, What are 
you scared op, page 67). In this first session, 
allow students time to recount examples and 
tell stories, but keep the discussion moving 



so that it doesn't get stuck on a single topic, 
such as a particular scaiy movie. 

Of course, this discussion must be handled 
sensitively^, since there are vexy real, as well 
as imaginaiy, things that children may be 
afraid of. However, children often think that 
they're the only ones who are afraid of 
things, so this discussion can in fact be a 
comforting one (see the Teacher Note. 
Starting to taU, about scary thirigs, page 68). 

Extension: Reading about others' fears 

If you or your students have access to a 
school or public library, visit the libraiy to 
find other books about being afraid. ■ 
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^^DIALOGUE BOX 
What are you scared of ? 

Now that we've ta^ed about the books we read 
this morning, let'% talk about the kinds of 
things that you tlUnk are scary. Tou can either 
tell us what scare% you or what things scare 
people you know. 

KATIE: When I watch a scary movie, when 
it's over I have a fiream of it. 

Movies sometime^ scare you. 

CHRISTINA: Sometimes after I watch some- 
thing scary, wheri i go to sleep, I dream 
about them and I make them worse. 

ALAN: One day I \vent to bed and I heard this 
noise but I found out it was my mother in 
the kitchen. 

SEAN: Since I doi\t get t<Ted, I stay up late. I 
hear noises and then cars go by with their 
lights on. I think there are robbers in the 
house. Then I have a dream that they will 
come in and take my sister. 

I know what you ihean. When I was la second 
grade, when my sister and I were alone, we'd 
hear the house cr^sk. We'd walk around with a 
flashlight and a hammer In case a monster 
might get us. 

[Laughter.] 

PAUL: Wind in tht, night. 



(Dialogue Box continued) 
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LYNNE: Sometimes the curtains blow In and 
that scares me. 



KIMARA: Sometimes I get really scared when 
someone comes in the room, and Tm reading 
and I don*t hear them, and I get scared. 

BILLY: Yeah, once my father was watching 
TV and I came in and touched him and he 
Jumped. 

Because he was concentrating so hard? 

SERENA: Sometimes when v/e eat dinner, the 
shutters bang in the kitchen and scare me. 

MARK: Sometimes after a movie, Tni afraid to 
go to sleep because I might have nightmares. 

So tkT. 70U*¥e talked about moTies, night- 
mares, scarj noises, and being startled* A lot 
of you talked about things that happen at 
night or bedtime. Those are all things that are 
definitely scaryl Now, ca:a anyone think of 
some really different kinds of things that scare 
you or other people you know? It doesn*t have 
to be Just at night or bedtime. 

LENA: My dad's afraid of dogs, that*s why we 
can't have a dog. My mom told me that when 
he was little he got chased by a dog, and had 
to climb up a tree, and he was really scared, 
so then he got scared of dogs. 

That*s interesting* I wonder If there are other 
people who are scared of some kind of animal* 

ALAN: Well when I was little. I used to be 
afraid of bees . . . ■ 
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^TEACHER NOTE 

Starting to talk about 

scary things 

Students will have a lot to say about this 
topic. The discussion is likely to wander in 
many different directions. Students will want 
to tell stories about their own scary experi- 
ences. Teachers have found that it is a good 
idea to let this discussion range widely and 
not to worry about focusing it during this 
first session. 

Inevitably, students* real fears and concerns 
will emerge in this discussion. Teachers have 
used this investigation to provide support for 
students who have real fears; students find it 
reassuring to hear that they are not the only 
ones who are scared of something. Some 
teachers have been willing to volunteer 
information about their own fears. Even if a 
student does not verbalize a particular fear 
he or she ha^, simply having this topic be 
one that is allowed and encouraged in the 
classroom can help students overcome the 
isolation they can feel when they think that 
fears must be kept hidden and secret. 

Manage the discussion so that it does not get 
stuck on one topic. For example, in one 
classroom, students talked a great deal 
about one or two particular horror videos. 
Eventually, in order to elicit some new ideas, 
the teacher needed to say, -It certainly 
sounds as if a lot of you are scared by these 



videos. Now, what about some very diflen A 
kinds of things that can be scary?" 

What might be considered "dlfUcult topics* 
can arise in this discussion. Often a simple, 
matter-of-fact response can acknowledge^ and 
include a child's suggestion without raising 
complex issues that the group as a whole 
might not be ready for. For example, in one 
class a student suggested "rape people,** to 
which the teacher responded, "You mean 
people who would hurt someone else. They 
are called rapists/ 

It is critical to accept as legitimate all the 
fears students raise. Comments such as "Oh, 
you don't need to be afraid of that, that's Just 
make-believe/ or "Of course, you know 
there's really nothing under your bed,** 
appear to define some children's fears as less 
legitimate than others. Almost all of us have 
had a scaiy experience that seems sUly in 
retrospect, but there's no denying that we 
certainly felt scared at the time. Acknowledge 
and accept students' stories matter-of-factly, 
communicating the idea that we're all afraid 
of things sometimes. ■ 
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SESSION 2 ACTIVITIES 



Collecting data: What are our most 
scary things? 

Write on the chalkboard •'Our Most Scary 
Things." Tell students that today you are 
going to make a giant graph to show their 
ideas about what is most scary for children 
their age. 

Ask students to choose something that they 
think is scaiy and draw it on the index card 
or paper you provide, ThQr can pick some- 
thing from the first session's discussion or 
something else that they have thought of 
since. They do not need to put their names 
on the pictures. They should also write a 
word or short phrase describing the picture 
(this is important in case you can't tell what 
the picture shows). Give students 5 or 10 
minutes to make their picture and words. Ifs 
best if they use crayons or markers so the 
pictures will show up when they arc put 
together into a graph. 

In this second session^ students are often 
more willing than they were in Session 1 to 
share their real fears. Teachers have found 
that it's important to keep the pictures 
anonymous, so students feel freer to draw 
something meaningful to them. One teacher 
said to the students, *This is personal and 
special. You can draw or write what you are 
afraid of most on this card.** 

Collect all the cards. Use the board or chart 



paper to quickly Jot down all the words or 
phrases that describe the pictures (see the 
Dialogue Box, Some second graders' scary 
things, page 70, for examples of students' 
scaiy things). Then read the list aloud, or 
have students read it aloud. 

Organizing the data: 

Which scary things go together? 

You've thought of a lot of scary things. Let's 
see If there are any that go together. 
Remember how you sorted your **thlng 
collections'* Into groups of things that went 
together? Are there some of these scary things 
that could go Into a group together? 

Take students' suggestions for grouping 
things and write them on the board or chart 
paper. For example, categories might include 
MONSTERS, ANIMALS. SCARY PLACES, THE 
DARK* MEAN OLDER KIDS. Students will have 
to think about names for their categories, 
what fits in the categories, and how inclusive 
to make them. It is usually easier for stu- 
dents at this age to think Jb'st about which 



•r ■ 
I 



vV* K v' 



(1^ 



scary things go together, then about what to 
call the categoiy (see the Dialogue Box, What 
goes with hoLimted houses?, page 71). 

As students come to agree on categories and 
which pictures fit in them, you can inove the 
pictures into groups (using small pieces of 
tape on the chalkboard or tacks on the 
bulletin board) so that the students can see 
which pictures are classified and wl^ich are 
still left to sort. 

Organizing the data: A giant bar graph 

Using the students' pictures and th^ cate- 
gories they have generated, make a giant bar 
graph by listing the categories across the 
bottom of a section of the chalkboard or a 
large piece of paper, then taping or tacking 
each card above the name of its category. If 
there are a few unresolved issues, h^ve stu- 
dents decide what to do. There may be one or 
ts\x pictures that do not fall easily irito any 
r?*.egoiy and end up alone. Display the 
graph in a place where it can be seeh easily 
during the rest of the Scary things sessions. 
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Our Scary Things 
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Monsters Animals OarK Nightnaqres "JJlfttt^/ '^V''^ 



Considering the problem: What were 
adults scared of when they were little? 

What do you think we would find out If wc 
asked older people what they used to be 
scared of? Do you think your parents or 
teachers were scared about the same kinds 
of things when they were your age? 

After some discussion, tell students that they 
will be carrying out their own survey to find 
out what adults were scared of when they 
were little. Agree on exactly what question 
they will be asking and write it on the 
chalkboard— for example, "What scared you 
the most when you were little?" Students can 
ask any adults they know— mothers, fathers, 
grandparents, or any adult friends. One way 
to organize this survey would be to make 
every child responsible, as homework, for 
asking the survey question to two adults. 



Students may also want to ask some of their 
teachers; you might want to assign 
particular students to ask particular 
teachers. If you wish, duplicate and 
distribute Student Sheet 1 to give students 
an organized way to record their findings. 
Students can copy the survey question onto 
the top section of the sheet. 

Extensions 

Some students may be interested in 
collecting more data from students their own 
age. Each student could ask one or two other 
children after school, or you could arrange 
for some of your students to take a survey in 
another classroom. Add the new data to the 
giant bar graph. The new data may prompt 
students to change or add to their categories. 

Some classes have been more interested in 
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what their parents are afraid of nou> than 
what frightened them when they were 
children. In some classes, the students and 
teacher have substituted or added this 
question to their study. 



Integrate writing with this unit by having 
students write about scaiy experiences. ■ 



^^DIALOGUEBOX 


Some second graders' 


scary things 




Nightmares 


urowning 


The dark 


A boat in a thunderstorm 


Alleys that are messed up 


Monsters with big eyes 


Drunk people 


My brother fell out of his crib 


Snakes 


My cousin 


Getting killed 


Matches 


Wolves 


My first time alone at home 


Freddy Krueger 


TTiieves 


Mice and rats 


Deep water 


Being atone 


Maggots 


Alley cats 


Attack dogs 


Haunted house 


Strangers 


Vampires 


Murderers 


Scary movies 


Getting into a fight 


War 


My dead brother 


Being chased by a person with a cat 


An imaginary roach on my mirror 


My Ixother jumping out at me. 
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^»DIALOGUE BOX 

What goes with 

haunted houses? 

CARLOS: I think mine about going Into the 
basement and Amy's about going into the 
shed go together. 

Why do you think those two go together? 

CARLOS: Because they're both dark. 

AMY: Yeaht and because they have spider 
webs, 

ALAN: And there are lots of places things 
could hide. 

Is there anything else on our list that could go 
with Amy's and Cark s's ideas? 

KIMARA: Yeah, going into the back of my 
uncle's store at night. 

Any others that go with these? . . . OK» what 
should we call this category? 

JANE: DARK PLACES. 

Is DAR^ PLACES OK? 

BILLY: The one about walking through an 
alley at night Is about dark places, too. 

So should walking through an alley be In this 
category, or Is It something different? What do 
you think? 

ELISABETH: I think Its different, because the 
cellar and the shed are inside places, and 
the alley is outside. 



So shotUd one categoty be DARK msms 
PLACES? 

[Later] . . . 

ROSA: Put strangers with murderers. 

[Murmurs of protest are heard from other 
students.] 

What do you think about that? 

CHRISTINA: No, strangers don't have to be 
murderers. They could be really nice people, 
but you don't know that or maybe you see 
them coming at night so you think they're 
scary. 

PAUL: Put strangers with haunted house. 
Why? 

PAUL: If you don't know anyone in the 
haunted houses, they might be strangers. 

So If a atranger la In a haunted house* you*d be 
acared of them? 

PAUL: Yes. 

Someone elae? 

MAYA: I think strangers go with dark 
because it's like yon don't know what's there 
in the dark and you don't know who the 
stranger is. That's why you're scared. 

This la a hard one. There are a lot of different 
Ideas about this. Let's think about strangers 
some more and come back to It later. Maybe 
getting more categories will help us decide 
where to put It, or maybe we'll decide It should 
be all by Itself. 



Even though you may have clear Ideas 
about how to categorize the scary things, try 
not to Impose your categories on the 
students. It is Important that they struggle 
on their own with what goes together and 
what to call the categories. For example, one 
class included ghosts, skeletons, rats, 
demons, goblins, bats, maggots, and Dracula 
in a category they called HAUNTED HOUSE— 
probably not the way adults would classify 
these diverse scary things! It is very likely 
that some things may fit in two categories or 
be hard to categorize. These are common and 
legitimate problems in classification. Re- 
member that there are no absolute answers 
to these problems. Whafs important is that 
students think hard about the similarities 
and dilTerences among the scaiy things and 
tiy to give good reasons for their ideas. ■ 
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SESSION 3 ACTIVITIES 

Considering the data: What did you find 
out from your parents? 

Because students will probably be eager to 
share what they found out, begin with a brief 
general discussion. 

Wh«t did you find out? Did you find some 
•cary things that were the same as the things 
on ovx bar graph? Some things that were 
different? 

Comparing adult and student data: A 
first look at similarities and differences 

List all the scary things the students 
collected from adults on the board or on 
chart paper. Write clearly in large letters, as 
students will use this list later in the 
session. 

Draw students' attention to the graph you 
made of their own scaiy things. 

When we put our scary things on the graph, we 
figured out how we could put them together in 
groups, so we could describe what kinds of 
things second graders are scared of. The 
categories we came up with were [ANIMALS. 
HAUNTED HOUSES. THE DARK, THIN08 THAT HURT 
THE BODY . . . ]. Do you see any of the adults' 
scazy things that would fit in these categories? 
Do you see any that don't fit? Do you think the 
same categories will work for the adult data? 



Allow time for students to comment on the 
similarities and differences between their 
own data and the adult data. This discussion 
is a time for students to give their fltst 
impressions about the two sets of d^ta and 
to start thinking about categories for the 
adult data (see the Dialogue Box. Wqi the 
same categories work?, following). Keep in 
mind that there will be an opportunity to 
continue this discussion at the end of 
Session 5 when the data have been oi^ganlzed 
into pictures and graphs. 

Now is the time to prepare sets of index 
cards or cut-apart sheets listing all the 
different adult fears, for small-grou^ use in 
Scission 4. ■ 
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^99DIAL0GUEB0X 

Will the same categories work? 

DENNIS: My dad was afraid of dogs, so he 
could fit in ANIMAI^. 

MARIC And my aunt could too. Hers was 
spiders. 

So we definitely have some scary things that 
fit in the ANIBIALS category. Are there any 
others that you think fit in some of our 
categories? 

JESSICA: Well, that one about, what Serena 
said about going up to a house on Halloween 
and the guy Jumped out with a pumpkin. 
That could go in HAUNTED HOUSES. 

TONY: And mine can. too, about my mom 
and the house with the vacant lot. 

OK, so there's some other fears that are 
similar to ours. What else do you notice about 
things on the adult list? Anything that doesn't 
fit with our categories? 

SAM: Being afraid of getting hit in school. 

ROSA: TTiunderstorms. We didn't have 
anybody afraid of thunderstorms. 

JANE: That could go with DARK, though. 

You think that thunderstorms could go in our 
DARK categoijr? What do you think? 

LENA: I don't agree, because what's scary 
about thunderstorms is the lightning and 

(Dialogue Box continued) 
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the thunder, and our DARK things were like 
alleys and basements. 

You think our DARK things were different? Do 
other people have opinions? 

ALAN: Yeah, they*re, like, places. 

So you wouldn't put thunderstorms with 
DARK? Is there anything else on the adult list 
that might go with thunderstorms? 

GLENN: Yeah, my mom*s friend said he used 
to be afraid of the ocean. 

You ^hink that goes with thunderstorms? 

GLENN: Yeah. 

Can you explain how they go together ? 

GLENN: (pause . . • shrugs] 

Well* maybe someone else can think of the 
words for it because I can see how ocean and 
thunderstorms might go together. Can anyone 
else add to Glenn's idea? 

SEAN: Maybe because they're both wild and 
they can push you. 

KATIE: The ocean can make big crashing 
sounds like thunder. 

ELISABETH: And you get v/et in the ocean 
and you get wet in a thunderstorm. 

Those are interesting ideas. In your small 
groups* you*U have to make some decisions 
about which things you think go together. 

EDDIE: I have another one that doesn*t fit — 
Getting lost. Nobody in the class said getting 
lost . . . ■ 



SESSION 4 AND 5 ACTIVITIES 

In these sessions, students organize the data 
they gathered from adults and then compare 
the adult data with their own class data. In 
Session 4, most groups will probably be able 
to decide on their categories, make their 
"rough draff* picture or graph, and begin 
work on their final presentation graph. 
Session 5 will be devoted to finishing the 
final graph and a class discussion about the 
students* findings. A few groups may need 
some extra time to finish their graphs or 
pictures. Make sure to leave 20-25 minutes 
for the final discussion so that your students 
C£in really think about comparisons between 
their own data and the adult data. 

Smaihgroup work: Organizing, 
classifying, and displaying the data 

Today you*re going to work in your small 
groups to figure out how to put the adult data 
into groups^ Just like we did for your own data 
about scary things. Later, after you have 
decided on your categories, you'll make a big 
picture or graph of all the adult scary things. 
Think hard about what goes together and what 
to call your categories* Just as when we did 
the sink-and-float experiment, different groups 
may come up with different Ideas about what 
categories to use. 

Form small working groups of three or four 
students. Give each group a set of adult- 
fears index cards or the cut-apart list you 



prepared in advance. Also provide some 
blank index cards, pieces of paper, or stick- 
on notes on which they can write their 
categories. Each group should have a large 
flat surface (a table or the floor) on which to 
work, so they can spread out all the cards. (If 
they are working with a list, they will need to 
cut apart all the "adult scary things'* before 
they start to work.) 

I*m going to give each group a pack of cards 
that has all the adult scary things from the list 
we made yesterday. Each card names one of 
the things that you found out about in your 
survey. You can use the cards to decide which 
things go together. 

The students' first task is to group the adult 
scary things until they are satisfied with 
their classification. The discussion about 
categories may be very animated. Encourage 
students to try out various categorization 
plans by moving the cards around to try 
different groupings and to change categories, 
add new categories, or discard categories as 
needed. When they decide on a category, 
they can write it on an index card or piece of 
paper in order to label that group of things. 

As you move about the classroom, ask 
students for their reasoning — why do certain 
scary things fit in certain categories? Even if 
the students* reasons don't agree with what 
adults might say, iVs important that the 
students discuss their reasoning with one 
another as much as they can Just as they 
did in the previous investigation. Animals in 
the neighborhood. 
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When students feel satisfied with their 
categories, It's time for them to start 
planning their final picture or graph. 
Encourage them to make their pictures or 
graphs both clear and interesting. People 
who look at the picture or graph should be 
able to understand clearly what it shows 
about the data they collected, but it can also 
use color or pictures to highlight important 
information and attract attention to its 
message (see the Teacher Note, Is it a picture 
or a graph?, page 76) . 

Post the final graphs where the rest of the 
students can easily see them. 



Interpreting the data: Comparing "scary 
things" of aduits and students 

Ask students to think about their own data 
and the adult data: Which categories are the 
"most popular" for us? For our parents or 
teachers? Are there some categories that 
existed for our parents but not for us, or vice 
versa? Why might that be? Encourage 
students both to make simple comparisons 
("We listed scaiy videos and our parents 
didn't") and to construct theories about why 
these observations might be true ("Maybe 
they weren't on when they were kids"). As 
part of this discussion, the different ways 



different groups categorized the data will 
come up. Emphasize Interesting differences, 
so that students are aware of alternative 
ways of sorting the data. Do different graphs 
show some different aspects of the adults' 
scaty things? 

Pubiishing findings: What did we learn 
from our hcary things" data? 

students can each write a few sentences to 
summarize what was most interesting about 
their findings, or you can put together a 
class stoiy about the project by having 
students dictate to you what should be 
Included. What did they find out about 
themselves? About adults? What was similar, 
what was different about what they said and 
what their parents said? What surprised 
them? What questions do they still have? 

These reports can be posted along with the 
graphs and pictures to make a final Scary 
Things display. If students seem Interested, 
they could present their research results to 
another class or to Interested teachers. 

Extension: Collecting more data 

One class took a new all-class survey to end 
this unit. By this point, students had grown 
fairly comfortable with talking about scary 
things and were more willing to admit to 
their fears. Using the categories they had 
defined for their own scary things, they took 
a poll to see how many in the class were 
afraid of things in that category. The teacher 
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went through the categories, one by one. 

Anyone who !• afraid of anything In the ANIMAL 
category stand up . . « Anyone who la afraid of 
anything In the MONSTER category atand up . . • 

Students could scand up for more than one 
category. Each time, a student counted how 
many were in the category, and the teacher 
quickly made a graph on the chalkboard. 
Students were fascinated with how many 
people were in each category. Their final 
graph looked Uke this: 
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^TEACHER NOTE 

Phases of data analysis: 
Learning from the process 
approach to writi ng 

The process of dat \ analysis is similar to 
many other creative processes. Students do- 
ing data analysis follow the same processes 
that adults do; the analyses may be less 
complex, but the procedures are the same. In 
data analysis, as in writing or art, teachers 
help children do real work rather than stilted 
school assignments requiring fill-in-the- 
blank responses. The teacher's role is rela- 
tivety subtle — shaping the process, asking 
questions that guide the students' progress 
toward their goals, hearing and responding 
to their ideas and theorie^. Students are ex- 
pected to have something original and inter- 
esting to say, and the teacher provides an 
environment that enriches and supports stu- 
dents' self-expression* 

Data analysis has many similarities to the 
process approach to writing, which typically 
includes four phases. The process starts with 
a planning pfmse (often called pre-writing or 
brainstorming). This is followed by the writ- 
ing phase, when a very rough draft of ideas is 
first put down on paper. The third phase is 
the revision or rewriting phase when the 
writer elaborates, clarifies, restructures, and 
edits the piece. The final phase is the pubW 
cation phase, when the writer^s completed 
piece is shared with others. These processes 



may be reiterated until the piece of writing is 
finished. 

Data analysis has four phases parallel to 
those in the writing process: 

Phase One: Brainstorming and planning* 

During this time, students discuss, debate, 
and think about their research question. In 
some cases, defining and agreeing upon the 
question may take a considerable amount of 
time. Having defined the question and agreed 
upon terms, students consider possible 
sources of data, ways of recording them, and 
how they might organize themselves to col- 
lect needed information. 

Phase Two: Putting it on paper. For the 

collection and representation of data, stu- 
dents develop their discovery drafts— what 
we call "sketch graphs-— the first draft of the 
information on which they base their 
developing theories. Students represent the 
data in a variety of ways to help them 
describe the important features. They use 
their first drafts as tools as they look for 
relationships and patterns in the data. 

Phase Three: Revision. Writers are encour- 
aged to share their drafts with their peers in 
order to determine how an audience per- 
ceives their work. Similarly, in the data anal- 
ysis process, the students often present their 
sketch graphs, preliminary findings, and be- 
ginning theories to their working group in 
order to see whether their interpretations 
seem supported by the data, and whether 
others see things they haven't noticed. 
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Revision in data analysis may include finding 
new ways to organize and represent the data» 
developing better descriptions of the data, 
collecting additional data, or refining the re- 
search questions and collecting a different 
kind of data. 

Phase Four: PubUcation or display. The 

nature of "publishing** the results of data 
ai dlysis varies, Just as it does for a story or 
essay. Sometimes students develop a theory 
that is the basis for a report on a particular 
topic; at other times they may develop a the- 
ory that inspires further investigation. A 
completed report of a data analysis investi- 
gation may involve a written description of 
the study with conclusions and recommen- 
dations, final presentation graphs of infor- 
mation previously displayed in working 
graphs, or a verbal or written presentation of 
the report to an interested audience. 

When teachers think about the writing pro- 
cess, their role as facilitator and helper 
seems familiar and obvious. Of course stu- 
dents need time to think and revise their 
work! Of course they need to be challenged 
and led, sensitively, to the next level of 
awareness. The writing process seems more 
familiar to most of us than the mathematics 
process because we, too, have done writing. 

The process of data analysis needs the same 
kind of teacher support. Students need to try 
their Ideas, to rough them out, to be chal- 
lenged and encouraged to go further in their 
thinking. It is important that they have time 
to think and to consider options— and vitally 



important that they see their work as part of 
a process. Data analysis, like writing, is not 
cut and dried. There are many ways to ap- 
proach a question and many conclusions to 
be drawn. Like writing, mathematical investi- 
gation is a creative blend of precision and 
imagination. ■ 
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^TEACHER NOTE 

Is it a picture or a graph? 



What Interests second and third graders is 
the particulars of the data. They are in- 
trigued that Rosa's dad was afraid of spiders, 
or that Alan's aunt used to think there was a 
monster under the bed when she was in 
second grade. In their representations, 
7- and 8-year-olds often want to retain the 
individuality of each piece of data. They 
enjoy identifying individual names on their 
graphs or portraying the characteristics of 
their data through pictures. 

Unlike upper elementary grade students , 
second and third graders are not quite ready 
to pull their attention away from individuals 
in order to summarize or describe a whole 
group. This Interest in the Individual and the 
particular leads to representations that are 
some mixture of picture, story, graph, and 
chart. Some students tend to use words and 
lists. Others tend to use a pictorial approach. 

When given encouragement to represent the 
data in their own way, students at this age 
can create beautiful and effective represen- 
tations. Some actual samples designed by 
second graders are pictured on page 74, on 
this page, and on the following page. 
Unfortunately, these samples do not show 
their creative and communicative use of 
color, both for the pictures and to set apart 
the different categories. 
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students* picture-graphs will not necessarily 
follow the conventions of graph-making that 
we would e3q)ect upper elementary grade 
students to use. Their pictures may not be 
all the same size or categories may not be 
lined up so that the number of things in 
each category can be compared directly. 
However, when students adopt the 
conventions of what they think graphs are 
"supposed" to look like, they often produce 
rather mundane bar graphs which actually 
do not communicate much information. 

Therefore, encourage students to use their 
creativity and inventiveness in making their 
presentation graphs, so that someone who 
looked at the graph would be as intrigued as 
they are by the data. ■ 
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